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1. Introduction

Intra-UE UL collision related to UCI enhancements for URLLC was discussed in RAN1#97 and #98 meetings. And an email discussion collecting companies’ views and solutions was carried out between the two meetings [30]. 

However, how to determine the PHY priority of UCIs and PUSCH is the basis of the intra-UE UL collision handling. Hence another email discussion was arraged by RAN1 chairman as below:

[98-NR-14]

Email discussion on how to determine the priority of SR, A/N, and PUSCH in PHY till next meeting – Jia (OPPO)
The RAN1 agreements related to the determination of PHY priority of UCIs are listed below:
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 

· FFS in potential WI the details of the PHY identification
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook

FFS: For SPS PDSCH (including SPS release PDCCH)

Working assumption:

Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known

Agreements:

In case URLLC (i.e., high priority) HARQ-ACK collides with eMBB (i.e., low priority) SR, down-select from options below (to conclude RAN1#98b):

· Option 1: Drop eMBB SR

· Option 2: Multiplex URLLC HARQ-ACK and eMBB SR if the multiplexing rule is met. Otherwise, drop eMBB SR. 

· FFS the details of the rule, e.g.
· Timeline

· Latency 

· Reliability
· PUCCH formats
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) SR, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK 

· Option 2: Multiplex eMBB HARQ-ACK and URLLC SR if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK

· FFS the details of the rule, e.g.
· Timeline

· Latency 

· Reliability
· PUCCH formats, e.g. SR on PF0 collides with HARQ-ACK on PF1/3/4
· FFS: Resending HARQ-ACK or not after dropping.
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) HARQ-ACK, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK. 

· Option 2: Multiplex eMBB HARQ-ACK and URLLC HARQ-ACK if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK

· FFS the details of the rule, e.g.
· Timeline

· Latency 

· Reliability
· Pre-defined rules or configurable rules or dynamically-indicated multiplexing
· FFS: Resending HARQ-ACK or not after dropping.

FFS details in case of a channel/signal being dropped in handling of collision of UL channels/signals

High proriorty vs. low priority HARQ-ACK is made known at the PHY layer (note: for SR, it’s agreed earlier)

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
· In case of SPS PDSCH, the following options for identifying a HARQ-ACK codebook (to down-select, combinations are not precluded)

· Opt.1: By SPS PDSCH configurations 

· Opt.2: By the DCI activating the SPS PDSCH 

· Opt.3: By the CORESET where the activating DCI is received

The target of this email discussion is to collect and summarize the companies’ views on how to determine the priority of UCIs and PUSCH, and to prepare potential proposals for the RAN1#98bis meeting.
2. Determining priority of SR in PHY
2.1. Discussion status till RAN1#98
Based on the contributions to RAN1#98, it seems most of companies support to confirm the WA: Support that SR priority (e.g. high or low priority) is known at PHY layer. The companies’ views on the three options are listed below [31]:
· Opt.1: Derived from the logical channel priority: 
· HW, Nokia, ZTE, Fujitsu, Pana, Motorola Mobility, Lenovo, MTK
· Opt.2: By an explicit indication in SR configuration: 
· HW, Nokia, DCM, Samsung (indicating association to a DCI format or RNTI), InterDigital (configured in SchedulingRequestResourceConfig or SchedulingRequestConfig), CATT, Sharp, Motorola Mobility, Lenovo, Qualcomm
· Opt.3: Derived from legacy SR configuration (e.g. periodicity, SR-ID): 
· HW, Nokia, Sony
2.2. Determining priority of SR in PHY
Question 2.2-1: Clarifications of the three options?

For the three options listed in Section 2.1, please provide your analysis on the pros and cons. And if down-selecting one from the three in RAN1#98bis, which one is your proposal?

Please input your views below:

	Company
	View

	Sony
	Some SR configurations is known to the UE at the physical layer.  The SR-ID is one such parameter which is used at the physical layer for transmission of SR in PUCCH Format 2, 3 & 4.  

There are hardly any specs change to use this parameter and nothing needs to be signaled at physical layer.  The network just needs to associate the SR-ID to the right LCID, which it has to do anyway. A simple implementation is the lower the SR-ID the higher the priority.  
Hence, we support Option 3, specifically using SR-ID.

	Panasonic
	For Option 2 and 3, the relation between SR priority and specific SR configuration are semi-static. Therefore, if an SR configuration corresponds to multiple priorities of logical channels, UE PHY cannot know which logical channel triggered the SR. One of example is the logical channels which has the same latency requirement but different priority (remote driving related information with 10 ms latency/high priority and voice call with 10 ms latency/low priority). In Option 2 and 3, to assign different SR configurations per logical channel is also possibility but each SR configuration should have different SR resources in order to differentiate SR priority at PHY. To allow overlapped resource but different priority is more efficient than always to have non-overlapped resource for different priorities. 

In Option 1, logical channel priority is given to UE PHY. Even if an SR configuration corresponds to multiple priorities of the logical channels, UE PHY knows the priority of the logical channel. 
In our view, depending on the priority of SR, whether to drop/postpone SR or not is decided even in an SR configuration is shared by multiple priorities of the logical channels. Therefore, we support Option 1.

Note that SR priority at PHY layer does not necessarily have the same granularity level as the logical channel priority. For example, logical channel priority has 16 levels but PHY-level priority can have smaller number of levels such as 2 (high or low). In this case, the association rule between PHY-level priority and logical channel priority should be defined in the specification or configured by RRC.

	DCM
	For opt.1, since a UE can be configured at most 8 SR configurations and there are 16 priority level for LCHs, the mapping rule between LCH priority level and SR priority level needs to be defined. It will need more specification effort. For opt.3, much efforts are also required to reach the consensus on which parameter(s) and how to use the parameter(s) to define the SR priority. It will also impose the restriction on SR configuration for gNB, since some SR transmission parameters can only be configured for one service.

Opt.2 is the most simple and flexible method. So, opt.2 is preferred. The SR priority parameter can be configured in SchedulingRequestResourceConfig or SchedulingRequestConfig).

	MTK
	RAN2 has already selected Opt-1 to handle PUSCH vs. SR collision. The number of SR priority levels derived from LCP (logical channel priority) by the mapping is an open issue. In our view, LCP should not be used directly to decide whether SR or PUSCH is discarded, but should be ‘quantized’ (to e.g. low and high) due to the following. LCP levels are directly compared to determine which logical channel is entitled to send first its PDU on an available grant. Whatever the outcome the grant will not be discarded. In the case of PUSCH vs. SR, SR should only have higher priority than PUSCH if dropping the grant is the optimal solution. E.g. an eMBB SR should not cause dropping an on-going eMBB PUSCH transmission just because its LCP is higher. Similar can be the case between a URLLC SR and a URLLC PUSCH having different LCP levels.  

For collision cases within RAN1 scope we first need to decide if SR priority is needed at all. In our view, SR vs HARQ can follow R15 handling rules irrespective of SR traffic type, and in the case of SR vs. CSI, Rel-16 should simply prioritize SR irrespective of SR traffic type. (For low-priority, i.e. non-latency critical SR, the UE implementation or scheduling can still avoid the collision.)

	Qualcomm
	There is already an association between the LCHs and the PUCCH resources used for SR transmission configured by RRC. Hence, the configuration of the PUCCH resources can be used to indicate the priority of SR. Option 2 and Option 3 seem to be aligned with this approach; however, Option 3 is less clear and would require some more discussion. For now, our preference is Option 2.

Regarding Option 1, we see two issues: (1) It is not clear at which point in time the MAC layer will inform PHY about the priority of SR. This will have an impact of the PHY-layer processing times. (2) The PHY-layer priority is likely to have only two levels, i.e., high priority and low priority. Providing a more granular priority indication from MAC, given that it must be quantized to two levels only to be useable by PHY, does not bring any benefit.
Regarding the RAN2 agreement that brought up by MTK, we would like to clarify that the agreement is not related to how the priority of PUSCH is determined. The agreement is copied below for convenience:

“If PUCCH resource for an SR’s transmission occasion overlaps a UL-SCH resource, SR’s transmission is allowed based on a comparison of priority of the LCH that triggered the SR and a priority value for the UL-SCH resource, if the priority of the LCH that triggered the SR is “high” (FFS).  Priority value of the UL-SCH resource is FFS”


	vivo
	Firstly, we’d like to add another option, i.e., opt. 4: implicitly derive SR priority based on the associated PUCCH-config (for each PUCCH-config of URLLC and eMBB, it is configured with one schedulingRequestResourceToAddModList)
According the agreements we made regarding PUCCH resource configuration for different HARQ-ACK codebooks, since one simple RRC signaling is likely to use different IEs of PUCCH-config separately for MBB and URLLC. One way to determine SR priority in PHY is the associated PUCCH-config, e.g., SRs in schedulingRequestResourceToAddModList configured under PUCCH-config for eMBB is low priority and SRs in schedulingRequestResourceToAddModList configured under PUCCH-config for URLLC is high priority. The benefit of this way is that it would be very straightforward and clear to use different pucch-PowerControl and or spatialRelationInfo for URLLC SR and eMBB SR.
Then, for the above three options

Opt. 1: One logical channel priority can take value from {1,2,…,16}, but for SR, it is only low or high priority, we need to define the association between SR priority and logical channel priority, e.g., a threshold is defined/configured to derive the SR priority based on the associated logical channel priority.

Opt. 2: when defining the SR priority, its associated logical channel priory may not be considered. It allows to configure a high priority logical channel with a low priority SR.

Opt.3: UE can configured with more than two SR periodicities/SR-IDs, the association between SR priority and SR periodicities/SR-IDs needs to be defined. Similar as opt.2

	Nokia, NSB
	In RAN1, it has been agreed that SR priority information should be known at PHY.

In addition, in our view, SR priority should be known at gNB as well in order to at least make efficient resource allocation and for reduced reception complexity. From TS38.321 Section 5.4.4, it says “Each SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to zero or one SR configuration, which is configured by RRC.” Therefore, according to Rel-15 specification, gNB is aware of the mapping between LCH and SR configurations. To achieve the goal that UE and gNB have the same understanding of the priority level corresponding to one SR configuration, certain priority mapping rule should be defined if we are taking Option 1. One example for such mapping rule is simple threshold-based mapping. For example, with threshold-based mapping and two priority levels, the threshold should be configured to UE with Option 1. Then with the knowledge of both LCH priority and threshold, gNB and UE have the same understanding of the priority level for each SR configuration, i.e., it is corresponding to high or low priority. With Option 2, whether one SR configuration is with high or low priority can be explicitly indicated in RRC configurations. From this point of view, both Option 1 and Option 2 work well and the outcome can be exactly the same with proper configuration at the gNB. Option 2 is more preferred in terms of less specification effort (Option 1 may require some interaction of RAN1 and RAN2 specs as MAC needs to pass down the priority information to PHY). Just relying on legacy SR configuration such as periodicity in Option 3 might not be flexible enough since it is not guaranteed for example larger periodicity always linked with lower priority.

Therefore, in our view, Option 2 is slightly preferred although Option 1 could work equally well.

	InterDigital
	Opt.1: the number of logical channel priority levels is 16. This is likely higher than the number of priority levels used at PHY, thus a “mapping” is required. If the mapping is fixed (e.g. LC priority 1-8 map to PHY priority 1, LC priority 9-16 map to PHY priority 2) the benefit may be to optimize RRC signaling, at the expense of loss of flexibility for the network. It may not be trivial to configure a mapping that suits all intra-UE prioritization scenarios. If the mapping is done by RRC signaling, there is no benefit over Opt.2.

Opt.2: this is the most straightforward approach. The PHY priority is explicitly provided in the SR resource configuration e.g. as additional IE per SR resource configuration. We think Opt.4 proposed by Vivo above (grouping) could be considered a variant of this, and RAN2 could decide the best way to structure the IE.
Opt.3: The benefit may be to optimize RRC signaling at the expense of flexibility for the network. For example, periodicity would now be tied to priority in rigid manner, and there is no necessary direct correlation between priority and SR periodicity. Using SR ID may result in too many priority levels.

Our preference is Opt.2.

	CATT
	We think SR priority needs to be known in PHY to determine whether to do multiplexing or prioritization at least for SR vs. HARQ-ACK. Furthermore, we expect that only 2 levels are defined for PHY-layer SR priority otherwise the priority of SR cannot be compared with the priority of other UCI. Therefore, LCH priority (Opt. 1) and SR-ID (Opt. 3) need to be quantized to 2 PHY-layer SR priority levels. 

For option 1, PHY-layer SR priority of a SR configuration could be dynamic if the logical channels mapping to the SR configuration correspond to different PHY-layer SR priority levels. However, gNB cannot know whether an eMBB SR or a URLLC SR is triggered on a SR resource so that the number of blind detections is increased. For example, in case a SR overlaps with a URLLC HARQ-ACK, UE would feedback HARQ-ACK only when SR is eMBB SR, and multiplex HARQ-ACK with SR when SR is URLLC SR. Correspondingly, gNB needs to blind detect assuming the two hypotheses. Otherwise if the logic channels mapping to the same SR configuration always correspond to the same PHY-layer SR priority level, then PHY-layer SR priority of a SR configuration is semi-static. In this case, there is no benefit over option 2.
For option 2 and option 3, PHY-layer SR priority of a SR configuration is semi-static. The difference of option 2 and option 3 is that no explicit indication is needed in option 3, however, it will introduce limitation on SR configuration, e.g. certain periodicities or SR-IDs are associated with a certain traffic type. In addition, if SR-ID is used, more standardization efforts are need to define quantization of SR-ID to PHY-layer SR priority is needed.
Hence, we prefer Option 2. 

	OPPO
	SR priority is used to solve intra-UE collision, including: SR and SR, SR and PUSCH, and SR and PUCCH with HARQ-ACK/CSI. 

Collision between SR and SR, SR and PUSCH has been discussed in RAN 2 and one agreement copied in QC’s comment has been achieved. Although the agreement does not provide completed solution, framework to solve collision is clear. So we should follow the agreement. Moreover, solution is implemented by Mac, so it’s better to continue to discuss open issue by RAN2 and we only focus on collision in physical layer.

On collision between SR and PUCCH with HARQ-ACK/CSI needs to be solved in physical layer due to collision between SR and PUCCH with HARQ-ACK/CSI is not known by Mac. There are three options:

Option 1 is not suitable to solve collision between SR and PUCCH, due to priority of PUCCH, especially for PUCCH with CSI, cannot be determined by logical channel and comparison between SR priority and PUCCH priority is complex.

Option 2 is simple but may lead system loss. For example, as shown in the following left figure, PUCCH for eMBB HARQ-ACK and PUCCH for URLLC SR collide, then eMBB HARQ-ACK will be dropped according priority. 
In our opinion, the solution shown in the following right figure that eMBB HARQ-ACK transmits and URLLC SR drops maybe better from perspective of system efficiency and latency, due to redundant retransmission for eMBB can be avoided and SR delay for URLLC is very limited, e.g. only one SR periodicity. Please note that traffic arriving does not always match SR resource, so SR delay from traffic arriving is inevitable and SR delay from traffic arriving is at least 0~1 SR periodicity. So small SR delay is inevitable and acceptable by gNB and UE.
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Option 3 reuses SR configuration and may be benefit for system performance. SR priority mainly depends on latency requirement and periodicity is usually determined by latency requirement. So SR priority can be derived from SR periodicity. More specifically, if SR priority is shorter than length of PUSCH/PUCCH for HARQ-ACK, SR is high priority; otherwise, SR is low priority. SR periodicity based solution is tradeoff between eMBB performance and URLLC latency.
Therefore, we support option 3 (e.g.SR periodicity) to solve collisions from SR in physical layer 

	Ericsson
	Options 1 and 3 have the advantage of making the SR priority known at the PHY without adding an explicit field in SR configuration, while option 2 requires the additional field. 

However comparing options 1 and 3, it is clear that option 1 provides more granularity in indicating the priority, compared to option 3 due to that in option 3 there is no one-to-one mapping between logical channel priorities and SR configurations. Also option 3 has a limitation that it imposes limitations on the SR configuration.

Therefore we support option 1

	ZTE
	We prefer Option 1.
Share with Panasonic that for it has to configure two SR configurations for Option 2 and Option 3, i.e., one with low priority and one with high priority. While, for Option 1, one SR configuration can be associated different logical channels with different priorities. In this sense, it would provide more flexibility. In addition, logical channel priority could be used for all channels like PDSCH/PUSCH. Option 1 is more like a unified solution for all collision cases. 

Most important, as pointed by MTK, RAN2 has already agreed to use logical channel priority to handle the collision of PUSCH vs. SR.

As for specification effort, quantizing different logical channel priorities into two levels is very simple, and we noticed that there are also different views for Option 2 and Option 3. Anyway, discussion is needed once we choose one option.

As for at which point in time the MAC layer will inform PHY about the priority of SR raised by Qualcomm, our view is that it can be simultaneously informed to PHY when MAC layer instruct the PHY to transmit SR on PUCCH. It could be performed by implementation by UE itself or captured in 38.321 like below. 
2>
if the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource:

3>
if SR_COUNTER < sr-TransMax:

4>
increment SR_COUNTER by 1;

4>
instruct the physical layer to signal the SR on one valid PUCCH resource for SR, and instruct the priority of SR;

4>
start the sr-ProhibitTimer.

	Fujitsu
	We would like to support the option 1 for this option could provide better forward compatibility. After all, SR is triggered by a certain UL logical channel. UE MAC is quite clear which logical channel behinds this SR. Besides, all priorities of UL higher layer logical channels are configured/labeled by gNB via RRC signaling. The understanding on the higher layer priorities of UL logical channels at both UE side and gNB are aligned with each other. Even though the SR priority is not directly indicated by gNB, there is no ambiguity between gNB and UE.

Now in MAC spec (TS38.321 section 5.4.4), the relation between SR configuration/resource and higher layer resource has already been supported. In this way, when gNB receives this SR, the gNB can somehow identify the priority of the logical channel which triggers the SR transmission. The only thing is PHY may have no information on the relation between the logical channel and SR resource. But this could be indicated by UE MAC with no any indication from gNB. Based on this, we think option 1 is a more straightforward solution.
Besides, we are also fine with option 2. Option 2 is workable as well, thought additional signaling overhead is required. 

If option 2 is adopted, there is one thing which should be clarified. The nature of option 2 is a configurable mapping rule between higher layer logical channel priorities (defined in Rel-15 with 16 levels) and PHY layer priorities we are talking here (although the definition is not clear yet as we comment in ‘other part’). According to the existing MAC specs, ‘each SR configuration corresponds to one or more logical channels’ (TS38.321 section 5.4.4). Besides, every logical channel has a higher layer priority configured by gNB. Hence, it could be concluded that each SR configuration relates to one or more higher layer priorities of logical channels. If option 2 is approved, i.e. gNB could give each SR configuration a PHY priority, this is equivalent to the case where the gNB gives a PHY priority to one or more higher layer priorities. This is why we say the nature of option 2 is a configurable mapping rule between the existing higher layer logical channel priorities to the PHY priorities.

	Huawei, HiSilicon
	In our understanding, all the above three options can work. For option 1, the principle is aligned with the agreement in RAN2 for handling the collision of SR and UL-SCH, where the priority of the LCH that triggered the SR is used to determine the behavior. Defining the mapping rule between LCH priority and PHY priority is not a big issue to address, some straightforward and simple way can be used, e.g. using some threshold as Nokia mentioned. Option 2 seems the simplest way among the three options, since it is possible the only specification impact is to add one new RRC parameter in SchedulingRequestResourceConfig IE to indicate the priority. Using SR periodicity to determine the priority in PHY layer sounds reasonable also, in theory smaller SR priority is set to meet tighter latency requirement. Similar as option 1, some threshold can be used to determine the priority of SR in case we only need to define a few priority level, e.g. high or low.   

However, we slightly prefer option 1, considering it is more aligned with what RAN2 mostly likely to use for priority determination.  

	Intel
	For Option 1, UE would obtain SR priority based on which LCH is used. As there are 16 priority levels for LCHs, some kind of mapping of a group of LCHs to ‘high’ and other group of LCHs to ‘low’ based on a configured priority threshold may be necessary. 

For Option 2, explicit indication can be included in SR resource configuration. As a given LCH can be mapped to up to one SR resource configuration, then based on which LCH is used, UE would identify the SR configuration is use and can obtain the priority from the explicit indication in SR configuration.

There seems to be a connection between Option 2 and Option 3. Main difference we see is explicit vs implicit way of obtaining priority. In our view, for Option 3, more discussion would be needed, how configuration parameters such as periodicity map to ‘high’ and ‘low’. A UE may have up to 8 SR configurations of which more than one configuration may have similar periodicity with different offset. Then, how these configurations would be different in terms of priority is not clear from the implicit association of priority to one or more parameters in SR configuration. Considering the time left in the WI, as well as the associated trade-offs between explicit and implicit association, Option 3 is not preferred. 

Therefore, we are supportive of both Option 1 and Option 2

	CMCC
	Opt.2 is preferred considering that Opt.2 is simple and flexible.

For opt.1, there are 16 priority levels for LCHs, however, it is likely that only high priority (i.e. URLLC) and low priority (i.e. eMBB) can be distinguished in PHY layer. So a pre-defined or configured mapping rule between LCH priority and SR priority (high priority or low priority) is needed. For opt.3, the first step is to reach the consensus on which parameter is used to define SR priority and then similar to opt.1, the mapping rule between the chosen parameter and SR priority is needed. Therefore, opt.1 and opt.3 will need much specification effort.

	Sharp
	Opt 2 is preferred. The PUCCH configuration for an URLLC SR should be sufficient to differentiate from regular SR. For example, URLLC SR resource should have much higher reliability and much shorter duration.

	Motorola Mobility, Lenovo
	We prefer to Option 1.

Option 3 may impose unnecessary restrictions to SR resource configuration (e.g. based on SR periodicity) or may complicate SR re-configuration (e.g. based on SR-ID).

For Option 1, PHY level SR priority can be determined by quantizing logical channel priorities. For example, PHY considers a PUCCH resource configured in a SR resource configuration being set as a high priority, if a SR configuration associated with the SR resource configuration corresponds to a logical channel with priority value of ‘1’. PHY considers a PUCCH resource configured in a SR resource configuration being set as a low priority, if a SR configuration associated with the SR resource configuration corresponds to a logical channel with priority values of 2, 3, .. , or 16. Alternatively, the priority level of a PUCCH resource configured in a SR resource configuration is same as the highest priority logical channel corresponding to the SR resource configuration. For example, if logical channels with priority value 1, 2, 3 respectively correspond to a SR configuration with a PUCCH resource, the priority level of the PUCCH resource is ‘1’.  


2.3. Summary and proposals 
· Opt.1: Derived from the logical channel priority
· Pana, MTK, E///, ZTE, Fujitsu, Huawei, Intel, Moto/Lenovo
· Mapping rule: PHY priority depends on if LCH priority is higer than a configurable threshold.
· Arguments: 

· Support dynamic SR priority under a SR configuration in case the SR configuration corresponds to multiple priorities of LCH. Thus a SR configuration be shared by multiple priorities which leads to a more efficient resource utilization. (CATT questioned that this merit can only be obtained when gNB blindly detect the two hypotheses (high-priority or low-priority SR).)

· It is a RAN2 agreement that SR priority is determined by LCH when SR and PUSCH collide.

· A unified solution for defining priority of other channels, e.g. PDSCH/PUSCH. (ZTE)
· Better for forward compatibility. (Fujitsu)
· The SR priority can be only used for handling the SR vs PUSCH collision. SR vs HARQ-ACK and SR vs CSI collision can be handled simply not based on PHY SR priority (e.g. as in R15). (MTK)

· Problems: 

· It is not clear at which point in time the MAC layer will inform PHY about the priority of SR. This will have an impact of the PHY-layer processing times. (QC)

· ZTE’s view is that it can be simultaneously informed to PHY when MAC layer instruct the PHY to transmit SR on PUCCH.
· In RAN2 agreement, “Priority value of the UL-SCH resource is FFS”.

· Need more specification effort, i.e. the mapping rule between PHY priority and LCH priority needs to be defined in the specification or configured by RRC. May require interaction of RAN1 and RAN2 specs. 
· The mapping rule may be complex for handling collision between SR and PUCCH, considering various collision scenarios. 

· gNB may have no information on the relation between LCH and SR resource. But this could be indicated by UE MAC. (Fujitsu)
· Opt.2: By an explicit indication in SR configuration (SchedulingRequestResourceConfig or SchedulingRequestConfig)
· DCM, Nokia, InterDigital, CATT,QC, Fujitsu, Intel, CMCC, Sharp, Samsung* (configure a association with DCI format or RNTI), LGE*
· Arguments: 

· Simple and flexible. Less specification efforts.
· gNB is aware of the mapping between LCH and SR configurations according to R15 TS 38.321. gNB can configure a proper SR priority corresponding to a LCH priority.
· Problems: 

· Needs an additional RRC parameter.

· Has to configure at least two SR configurations.
· Semi-static mapping between SR configuration and priorities of LCH.
· Compared to Opt.3, unnecessarily prioritize SR in some cases, e.g. a long-periodicity SR with high-priority vs a short HARQ-ACK with low-priority. (OPPO)
· Opt.3: Derived from legacy SR configuration
· Sony (SR-ID) ,OPPO (periodicity) 

· Arguments: 

· Small spec impact (reuse SR configuration parameter). 
· More flexible prioritization by comparing more detialed configurations between colliding channels.

· Problems: 

· More specification efforts to define the rule.
· Unreasonably link between SR-ID or periodicity to SR priority, e.g. long SR periodicity may not imply low priority.

· Opt.4 (added by vivo): Derived from PUCCH-Config
· vivo, InterDigital (up to RAN2 to select between Opt.2 and Opt.4)

· Arguments: 

· Can use different pucch-PowerControl and or spatialRelationInfo for URLLC SR and eMBB SR
(*: Position collected from Tdoc review.)
Agreements:

Confirm the following WA with update:
Original working assumption

· Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known

Updated to:

· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.
· The PHY-layer SR priority is determinined by an explicit indication (as a new RRC parameter) for each SR resource configuration.

Need to further consider if PUCCH-BFR needs to be taken into account for intra-UE collision. The agreements in RAN1#98 MIMO session about PUCCH-BFR:

****************************************************************************************

Agreement

Support PUCCH-BFR to be configured by either one of PUCCH format 0 and PUCCH format 1

· FFS: details when PUCCH-BFR transmission is to be made in the same slot with other uplink signal(s).

Agreement

Send an LS to RAN2 suggesting higher priority for SCell BFR MAC CE than at least UL data, and to have a higher priority for SCell step 1 PUCCH than normal SR

· To be included as part of LS to RAN2
R1-1909829
[draft] Reply LS on MAC CE design for SCell BFR
Apple
Decision: The draft LS for RAN2 is modified as follows and approved in R1-1909833.

****************************************************************************************

3. Determining priority of HARQ-ACK

3.1. Discussion status till RAN1#98
Based on the agreements listed in Section 1, RAN1 has agreed for the followings:
· High proriorty vs. low priority HARQ-ACK is made known at the PHY layer.
· The PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.
For dynamically-scheduled PDSCH, companies’ views from contributions to RAN1#98 are listed below [31]:
· Opt.1: By DCI format/size
· Samsung, QC, Sony, Apple, LGE
· Opt.2: By RNTI
· HW, ZTE, CATT, Fujitsu, NEC, Sony, China Telecom, InterDigital, Samsung (when same DCI size for eMBB and URLLC), OPPO, Asia Pacific Telecom, Spreadtrum, LGE, Sharp
· Opt.3: By explicit indication in DCI 

· Nokia, MTK, Intel, DCM, vivo, Pana, InterDigital, Moto, Lenovo, Fujitsu, China Telecom, ZTE

· Opt.3a: Add a new field: Nokia(in new DCI format and format 1_1), ZTE, InterDigital, Sharp
· Concerns: Also for DCI format 1_0 (for CSS)?

· Opt.4: By CORESET/search space 

· CATT, QC, InterDigital
· Opt.5: By PDSCH duration (for Type I HARQ-ACK codebook)

· ZTE

And the concerns expressed to each option are listed below [31]:

Table 1: Concerns about the options for HARQ-ACK priority indication for dynamically-scheduled PDSCH
	
	Concerns expressed

	Opt.1: By DCI format
	· Rely on introduction of a new DCI format for URLLC.
· Increase number of DCI sizes (the new DCI format may have the same DCI size with a R15 DCI format) and CCEs/BDs for PDCCH monitoring. 
· Unnecessarily link the new DCI format to service type. Unreasonable to prevent gNB from using Rel-15 DCI formats to schedule URLLC traffic, or using new DCI format to schedule eMBB traffic.

· New DCI format for URLLC cannot support scheduling in CSS
· Decoding PDCCH introduces extra processing time for collision handling.

	Opt.2: By RNTI
	· If a new RNTI is added, PDCCH false alarm rate will increase.
· If MCS-C-RNTI is reused, new MSC table is bundled with low-latency HARQ-ACK.
· Decoding PDCCH introduces extra processing time for collision handling.

	Opt.3: By explicit indication in DCI
	· Increased DCI overhead.
· Also adding the field for R15 DCI formats?

· Decoding PDCCH introduces extra processing time for collision handling.

	Opt.4: By CORESET/search space
	· Complicates the configuration of the CORESET/search space and DCI detection.
· May not be applicable when CORESETs/search spaces are overlapping.
· Restrict the scheduling flexibility.
· Potentially increase the PDCCH blocking probability and/or the number of CCEs/BDs.


For SPS PDSCH, companies’ views from contributions to RAN1#98 are listed below [31]:
· Opt.1: By SPS PDSCH configurations (e.g. explicit indicator, periodicity, PDSCH duration)

· HW, ZTE, Samsung, Apple, Spreadtrum, MTK
· Opt.2: By DCI activating the SPS PDSCH
· Samsung, vivo, Qualcomm
· Opt. 3: By the CORESET where the activating DCI is received
· Qualcomm
3.2. Determining priority of HARQ-ACK for dynamically-scheduled PDSCH
Question 3.2-1: Should the processing time of PDCCH decoding be considered for the dynamic priority indication of HARQ-ACK for dynamically-scheduled PDSCH?
In RAN1#98, when discussing the DCI-based dynamic indication approaches (i.e. Opt.1, 2, 3), some concerns were raised that decoding PDCCH may introduce extra processing delay and potentially make it difficult to meet the processing timeline of intra-UE collision handling.
Based on your studies, if the DCI-based HARQ-ACK priority indication (e.g. Opt.1, 2, 3) is adopted, how will the PDCCH decoding delay impact the processing timeline of intra-UE collision handling? 
If the PDCCH decoding delay must be considered and the processing timeline cannot be met in some scenarios, does it imply that a semi-static approach (e.g. Opt.4) must be supported? If a semi-static approach (e.g. Opt.4) is supported, should a dynamic indication (e.g. Opt.1, 2, 3) can also be supported beyond it?
Please input your views below:

	Company
	View

	Sony
	It is unclear why processing time of the PDCCH is an issue.  The UE has to decode the DCI before it knows where the PDSCH and PUCCH are, otherwise the UE does not know whether there is even a collision.
Even in Option 4, the UE STILL needs to read the DCI to determine the location of the PDSCH & PUCCH.  Without even knowing the locations of these channels how does the UE know there is a collision?  Or rather how does the UE know there is a collision just with the CORESET or Search Space?

	Panasonic
	For the transmission of HARQ-ACK, PDCCH decoding for PDSCH reception and for determination of PUCCH related information is necessary. The determination of HARQ-ACK codebook and/or priority of HARQ-ACK can also be considered as one of the determination of PUCCH related information. Therefore, for the HARQ-ACK codebook/priority determination perspective, we think that the processing time of PDCCH decoding is not the issue for DCI-based dynamic indication. 
On the other hand, if this priority information is also used for DL out-of-order or overlapped PDSCHs operation, PDCCH processing time can have the impact on UE complexity. More processing time is available as the order of Option 4 > Option 1 > Option 2 > Option 3. Assuming BD/CCE limitation is not so relaxed compared with Rel.15, we don’t think Option 4 is sufficient and option using a dynamic indication (Option 1, 2, or 3) is necessary. Below we provide our view on dynamic indication options.

	DOCOMO
	We do not think Opt.1, 2, 3 will increase extra processing delay for generating the HARQ-ACK codebook, given that the DCI decoding time contributes very small ratio in the total processing time. In addition, even for option 4, still UE needs to detect whether there is/are DCI in the related SS(s)/CORESET(s) to determine whether to generate the HARQ-ACK and the HARQ-ACK codebook size etc. So we do not think opt.4 is a semi-static approach and can reduce the processing time.  

	MTK
	It should not impact the timeline of intra-UE collision handling. In all the options, the UE has to decode the PDCCH to know if there is collision or not. How early decoding can be done is a matter of timeline discussions and is out of scope here. 

In fact, if restriction of CORSET was used for reduction of decoding timeline for URLLC PDSCH than that would exclude using the same method for signaling high-priority HARQ as well! The gNB should be able to schedule HARQ-ACK for URLLC data on eMBB HARQ codebook when further retransmission occasions are not available. The DL data has the highest priority in this case, whereas the associated HARQ-ACK does not.   

	Qualcomm
	For indication of the HARQ-ACK priority associated with a dynamic PDSCH, we support both Option 1, i.e., indicating the priority based on the DCI size, and Option 4, i.e., indicating the priority based on the CORESET in which the DCI is detected. 
The reason for supporting these two options can be explained as follows: 

· In case RAN1 decides to increase the number of BDs per slot as compared to Rel. 15 limits or if different processing timelines are mixed on the same carrier, the UE needs to be able to prioritize some BDs over the others. Otherwise, the candidates that are meant to schedule a low priority channels will impact the critical path of the high-priority or cap#2 data, and the UE cannot perform the processing before the deadline. This is explained in more details in R1-1911118.

· There is an ongoing discussion under PDCCH enhancement. Option 1 requires allowing for either Option 1 (DCI size) or Option 4 (different CORESETs.) If adopted, the same mechanism can be used here such that we have a unifying solution for the same problems under different AIs.

In case one of these solutions is adopted, there is no clear need for adopting an additional approach.

We also would like to emphasize that using different DCI formats or search space sets does not enable the UE to perform BD prioritization. 

	vivo
	There is no separate PDCCH processing defined for eMBB and URLLC in Rel-15.

When a UE is configured with eMBB and URLLC service, it may be beneficial to process URLLC PDCCH with a higher priority if there are some limitations on UE processing capability. It is possible to prioritize URLLC PDCCH processing in opt.1 (assuming different format sizes) and opt.4 while it is not possible for opt.2 and opt 3. If the prioritization for URLLC PDCCH processing is not necessary, opt. 3 is the simplest and is preferred. 

	Nokia, NSB
	The extra processing time for PDCCH decoding and the impact on intra-UE collision handling was listed as one of the concerns for Opt. 1/2/3. It seems a bit unclear whether companies are thinking about intra-UE collision for DL or UL. We do not agree with this due to the following reasons, considering both DL and UL intra-UE collision:

· For UL intra-UE collision, in any case, the UE needs to decode DCI first to know where the PUCCH is transmitted, in order to understand the collision situation.

· The only case that had been brought up that may cause the longer processing time is when all the following conditions are true:

· PDSCH priority (or traffic differentiation) is defined

· Note that we have not agreed to this yet. In some cases, this is needed but it could be determined based on timing only.

· PDSCH priority is the same as HARQ-ACK priority

· We do not think these two should be tied together. There could be high priority PDSCH that does not require high priority HARQ-ACK.

· PDSCH (and PUSCH) priority is associated with either different DCI sizes or CORESETs as QC proposed, so that the UE knows which BDs would correspond to high/low priority.

· For UL, it should not result in longer PDCCH processing delay, because both URLLC and eMBB BDs need to be processed anyway for the UE to know the full collision situation (low and high priority PUSCH). Note that eMBB PDSCH does not necessarily mean longer processing time budget (or cap#1).

· For DL, the UE may need to process more BDs before knowing whether there is high priority PDSCH overlapping with a previously scheduled PDSCH. However, as Docomo pointed out, PDCCH decoding should be a small part of whole processing, so the impact should be minor. This factor will certainly be considered in the discussion of enhanced PDCCH monitoring.

Therefore, we do not think extra PDCCH decoding delay should be a (major) concern in this discussion for any of these options.

Without considering this factor, given the listed pros and cons of different options, we prefer explicit indication by introducing a new field in the DCI formats, as this option overcomes the drawbacks of other options and provides full HARQ-ACK codebook procedure scheduling flexibility with a minimal of added overhead.

	InterDigital
	A solution enabling the UE to decode in priority the PDCCHs corresponding to URLLC is beneficial mainly for PDSCH processing timeline. It also helps the UE detect a collision earlier (since the last PDCCH associated to colliding transmissions usually corresponds to URLLC) although it is not clear if this is as critical as for PDSCH processing. Thus, the decision on whether to use different CORESETs or different DCI sizes between URLLC and eMBB PDCCHs should be taken based on PDSCH processing timeline considerations.

Then, the following questions need to be addressed before deciding a solution for the priority of HARQ-ACK:

1. Whether PDSCH processing priority is tied to HARQ-ACK priority

2. How many values are needed for indication of HARQ-ACK priority/HARQ-ACK configuration

For (1) - If PDSCH processing priority is not tied to HARQ-ACK priority (e.g. in case the network wants to perform blind retransmissions for URLLC) then processing time of PDCCH decoding should not be a criterion for indication of HARQ-ACK priority/configuration. In this case, differentiating by DCI size or CORESET could be adopted as mechanism to speed up URLLC PDSCH timeline processing and another Option is adopted for indication of HARQ-ACK priority/configuration, without processing time issue.

For (2) – If the number of HARQ-ACK priorities is larger than 2, or if the number of HARQ-ACK configurations that can be indicated is more than 2, then Opt.1, Opt.2 and Opt. 4 are not attractive as stand-alone solutions. Configuring more than 2 HARQ-ACK configurations can be useful in power-limited scenarios (e.g. 1 slot-based configuration for eMBB and 2 sub-slot based configurations for URLLC with different sub-slot durations.)

In our view, the ability to support more than 2 values for HARQ-ACK priority/configuration is useful, therefore we prefer Opt.3 (explicit indication).

	CATT
	It is not clear to us why processing time of the PDCCH needs to be considered.

	OPPO
	PDCCH processing is an issue for PDCCH enhancement and we are supportive to discuss PDCCH processing in PDCCH enhancement.

However, PDCCH processing and HARQ-ACK priority is a separate topic. So we do not think we need to consider PDCCH processing in HARQ-ACK priority indication.

	Ericsson
	The UE has to decode PDCCH anyway to be able to receive and decode PDSCH. So processing time of PDCCH will not be a problem for HARQ transmission. 

We do not think that it should be considered as it only applies to a certain scenario that we believe would complicate configuration of CORESETs, restricts scheduling flexibility, and potentially increase PDCCH blocking probability.

	ZTE
	For collision of different channels with the same priority in Rel-16 with enhanced PDCCH monitoring capability, a UE anyway needs to determine whether there is an collision and perform multiplexing after decoding the DCI. We don’t see any difference for the processing timeline issue for collision with different priorities. 

In addition, we think the new DCI format should be used for scheduling both eMBB and URLLC. Option 1 seems to limit the new DCI format only be used for URLLC and cannot do any size alignment with other DCI format. For Option 4, it will impact the configuration of CORSET and may introduce more discussion, e.g., whether the CORSET for different services should be (partially) overlapped or not, if so, how to determine the priority for this case. 

	Fujitsu
	We don’t think the issues described here is an issue worth to be discussed. We don’t think the PDCCH processing time needs to be considered here.

	Huawei, HiSilicon
	For the discussion of service differentiation or HARQ-ACK codebook identification or handling of collision, we don’t need to consider the processing time of PDCCH decoding. If UE reports it can support processing timeline capability#2, then it already considers the potential processing time for PDCCH decoding. The question here is to determine whether the HARQ-ACK corresponds to eMBB or URLLC, no matter how long the processing time is needed for PDCCH decoding.

Among the four options, we prefer option 2, by RNTI, which can work no matter whether option 1 or option 2 for handling the co-existence of Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability will be agreed. However, it seems relying on DCI sizes or relying on CORESET would be dependent on option 1 for handling the co-existence of Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability, or dependent on whether we can increase the number of BDs or DCI size budget. Explicit indication in DCI would increase the DCI overhead.             

	Intel
	In our view, the processing time of PDCCH decoding should not be an issue for DCI-based dynamic indication of HARQ-ACK priority. Agree with Panasonic that for the transmission of HARQ-ACK, UE would have to obtain PUCCH related information by decoding PDCCH anyways and determination of HARQ-ACK priority of HARQ-ACK can be considered as one of the determination of PUCCH related information.

Thus, we prefer explicit indication via a bit-field in the DCI format. 



	CMCC
	We don’t think the PDCCH processing timeline is an issue to be considered for intra-UE collision handling. Anyway, the UE has to decode PDCCH to obtain resource for HARQ-ACK feedback and further recognize of collision. In case that the processing timeline is not satisfied, an NACK can be generated similar to PDCCH miss detection.

	Sharp
	The PDCCH processing timeline should not be an issue. It is meaningless if gNB indicate a timeline that cannot even satisfy PDCCH processing time. Thus, the K1 values should already include all processing time anyway.

Among the 4 options, 

Option 1 is OK only if different DCI forms are used exclusively for different service types. 

We prefer Option 2 or Option 3. Either one is fine.

	Motorola Mobility, Lenovo
	We don’t think PDCCH processing time is an issue for dynamic indication of HARQ-ACK priority and intra-UE collision handling. UE gets to know whether the collision occurs or not based on a PUCCH resource indicator (and PDSCH-to-HARQ feedback timing) indicated in DCI. 

On the other hand, Option 4 (CORESET/search space based) may cause unnecessary scheduling restrictions.


Question 3.2-2: Clarification of Opt.1? 
Do you share the same concerns listed in Table 1 about Opt.1? If you do not agree on a concern, please explain why it is not a problem from your perspective.

If the new DCI format may have the same size as a R15 DCI format, does it mean an additional approach needs to be adopted jointly (e.g. Opt.2). In other words, Opt.1 is not always a “standalone” option?

If the association between the new DCI format to and the HARQ-ACK priority is unnecessary for some implementation scenarios, can the association be configurable?

And other understandings not listed for Opt.1?

Please input your views below:

	Company
	View

	Sony
	The UE needs to know whether the “PDSCH-to-HARQ_feedback timing indicator” uses sub-slot granularity or slot granularity.  A new field will have to be used or some flag has to be indicated to the UE, which means that a new DCI format (or rather combination of fields) will be used.  

If no new DCI format is used then “PDSCH-to-HARQ_feedback timing indicator” would point to a slot based PUCCH, which is just the legacy, i.e. there is nothing to prioritise, it is legacy.  Hence, we do not agree with the concerns raised on Option 1.

	Panasonic
	In our view, even if DCI format is different, additional explicit indication is necessary for priority indication. For example, new DCI for URLLC is not always the highest priority since new DCI is not limited for the use case of URLLC only.
DCI format 0-0/1-0 in CSS need to be same size as Rel.15 for backward compatibility reason. Therefore, we think either of the following should be taken.

 Option A: DCI format 0-0/1-0 in CSS is always lower priority

 Option B: In DCI format 0-0/1-0 in CSS, priority is determined based on RNTI.

	DCM
	We share following concerns listed for Opt.1:

· Increase number of DCI sizes (the new DCI format may have the same DCI size with a R15 DCI format) and CCEs/BDs for PDCCH monitoring. 
· Unnecessarily link the new DCI format to service type. Unreasonable to prevent gNB from using Rel-15 DCI formats to schedule URLLC traffic or using new DCI format to schedule eMBB traffic.

· New DCI format for URLLC cannot support scheduling in CSS


	MTK
	We share the concerns about scheduling restrictions in Table 1.

	Qualcomm
	First, we would like to clarify that under Option 1, using different DCI sizes is a possibility. Assuming that, we do not agree with the following statements for the reasons mentioned below:

· Rely on introduction of a new DCI format for URLLC – A new DCI format is already defined. In addition, the prioritization need not be based on the format, and can be performed based on the size.
· Increase number of DCI sizes (the new DCI format may have the same DCI size with a R15 DCI format) and CCEs/BDs for PDCCH monitoring – Under Option 1 of the PDCCH enhancements, the size budget can be increased without any issue.
· Unnecessarily link the new DCI format to service type. Unreasonable to prevent gNB from using Rel-15 DCI formats to schedule URLLC traffic, or using new DCI format to schedule eMBB traffic – Such a scheduling is not prevented. 
· New DCI format for URLLC cannot support scheduling in CSS -- We do not see the relevance here. The main point is that DCI should be associated with a priority. Such a priority can be indicated in different ways.
· Decoding PDCCH introduces extra processing time for collision handling: Assuming DCI size is under Option 1, this is not an issue. On the contrary, Option 1 (different DCI sizes) enables the UE to know which BDs potentially lead to scheduling a high priority channel, and can prioritize those.

	vivo
	If the new DCI format has the same size as rel-16 DCI 1-1, additional scheme is required to differentiate DCI format, e.g. RNTI or CORESET/search space. We suggest to modify opt.1 as “by DCI format size”.
When new DCI format and rel-16 DCI 1-1 have different DCI sizes, potential use cases for URLLC/eMBB scheduling as following:
Case 1: new format is used for URLLC, and fallback DCI is used for eMBB

Case 2: rel-16 DCI 1-1 is used for  URLLC and fallback DCI is used for eMBB
Case 3: new format and fallback DCI is used for eMBB

Case 4: new format is used for URLLC, rel-16 DCI 1-1 and fallback DCI is used for eMBB
In case 4, opt.1 will potentially increase the DCI size budget.
If the new DCI format has different DCI size with DCI 1_1, UE can prioritize the URLLC DCI format size processing when both eMBB and URLLC services are configured.

Even when opt 1 is applied, in our opinion, URLLC scheduled by rel-16 DCI 1-1 should be not precluded.

	Nokia, NSB
	Our main concerns are captured in the summary table, except that

· We do not necessarily agree with the concern on the extra PDCCH processing time impact, as explained in our response to Question 3.2-1.

· “New DCI format for URLLC cannot support scheduling in CSS” is not really a concern for us, because any function achieved by format 1_0 in CSS can also be achieved e.g. by the new format in USS.

Overall, we think the mapping of priority and DCI formats should be flexible and left to implementation (i.e. not necessarily semi-static mapping).

	InterDigital
	The agreed new DCI format is intended for R16 in general (not just for URLLC). We agree that introducing a coupling between DCI format and priority/service type is not desirable.

Increased number of DCI sizes is a concern if Option 1 of PDCCH enhancements is not adopted.

The last concern on “extra processing time” does not apply to DCI size.

An additional concern is that if more than 1 bit of information is needed (i.e. if there is more than 2 HARQ-ACK priority/configurations) this would require (too) many DCI sizes.

	CATT
	Agree with the concerns listed in Table 1 expect the last one as commented to Question 3.2-1.

We consider in case the size of new DCI format is the same as legacy DCI format, Opt.1 it is not a “standalone” option, which means different options should be used in different cases. 

	OPPO
	We agree the concerns listed in Table 1 except PDCCH processing issue (as commented in Question 3.2-1).

If the new format may have the same size as a R15 DCI format, an additional approach needs to be adopted jointly (e.g. Opt.2). 

If the association between the new DCI format to and the HARQ-ACK priority is unnecessary for some implementation scenarios, the association can be configurable

	Ericsson
	Concerns for Option 1: By DCI format

· Rely on introduction of a new DCI format for URLLC.

· Increase number of DCI sizes (the new DCI format may have the same DCI size with a R15 DCI format) and CCEs/BDs for PDCCH monitoring. 

· Unnecessarily link the new DCI format to service type. Unreasonable to prevent gNB from using Rel-15 DCI formats to schedule URLLC traffic, or using new DCI format to schedule eMBB traffic.

· New DCI format for URLLC cannot support scheduling in CSS
· Decoding PDCCH introduces extra processing time for collision handling.

	ZTE
	We share concerns listed for Option 1. We think the new DCI format should be used for scheduling both eMBB and URLLC. Option 1 seems to limit the new DCI format only be used for URLLC and cannot do any size alignment with other DCI format. 

	Fujitsu
	We are wondering why we could conclude this without any agreement or conclusion on how many cases (priorities) needs to be determined/differentiated?

If remember correctly, we never have any conclusion on what is the priority and how many priorities would be supported in Rel-16. If option 1 is adopted, how many formats are needed?

We are fine with two-level priority in Rel-16. But two-level priority may be not enough for future releases due that the realistic application scenario could be more complicated than the case with only two simultaneous service types. The PHY priority with more than two levels would be required in future. The forward compatibility needs to be considered when we make decision here.

The forward compatibility of option 1 is not good due that each priority level requires one DCI format and too many formats may increase the PDCCH detection complexity and/or misdetection probability.

	Huawei, HiSilicon
	If in the end the DCI size budget and/or BDs can be increased in Rel-16, then it seems other concerns listed in the table for option 1 is not that critical. It is unclear whether/how much performance degradation will happen by limiting that Rel-15 DCI formats only for eMBB and new DCI formats only for URLLC, though there is some restriction. We don’t see the necessity to limit the new DCI format only in CSS.     

	Intel
	We share the concerns shared above.

	CMCC
	We are fine with the concerns listed above except for the decoding time for PDCCH. 

	Sharp
	Agree with the concerns listed except for the decoding time for PDCCH. 

	Motorola Mobility, Lenovo
	We share the concerns listed in the table except for “Decoding PDCCH introduces extra processing time for collision handling”.


Question 3.2-3: Clarification of Opt.2? 

Do you share the same concerns listed in Table 1 about Opt.2? If you do not agree on a concern, please explain why it is not a problem from your perspective.

If the association between the MCS-C-RNTI to and the HARQ-ACK priority is unnecessary for some implementation scenarios, can the association be configurable?

And other understandings not listed for Opt.2?

Please input your views below:

	Company
	View

	Sony
	If false alarm is an issue then the use of MCS-RNTI would also be an issue in Rel-15.
Do not agree with the concerns on the extra UE processing time (as commented in Question 3.2-1).

	Panasonic
	We already used to many RNTIs. If larger number of industrial IoT, RNTIs may or may not be limiting factor.
In our view, even if RNTI is different, additional explicit indication is necessary for priority indication. For example, MCS-RNTI or new RNTI is not always the highest priority since MCS-RNTI or new RNTI is not limited for the use case of URLLC only.

For DCI format 0-0/1-0 in CSS, please see the response described in Question 3.2-3.

	DCM
	For opt.2, we share the same concern listed in Table 1 that introducing a new RNTI may increase PDCCH false alarm rate and the new MCS table is bundled with low-latency HARQ-ACK. In addition, if the new RNTI is MCS-C-RNTI, complexity is expected for the interaction between the Rel.15 MCS-C-RNTI usage/UE behavior and Rel.16 MCS-C-RNTI usage/UE behavior.   

	MTK
	We share the main concerns w.r.t. RNTI in Table 1, namely, the increased false alarm rate by the introduction of a new RNTI; whereas reusing MCS-C-RNTI for codebook indication establishes undesirable coupling: 

· It prevents URLLC traffic from using high spectral efficiency MCS table for initial transmission when HARQ-ACK feedback latency is critical

· It prevents URLLC traffic from using low-priority HARQ-ACK feedback with low spectral efficiency MCS table. Consider e.g. 

· the case when low-priority HARQ is required to enable UCI-over-eMBB-PUSCH instead of dropping PUSCH

· the case when no more retransmission occasions are left, hence PDSCH must be reliable and HARQ-ACK latency is not critical.  

	Qualcomm
	We agree with the issues listed in the table.

	vivo
	For opt.2, if different RNTIs are used to identify eMBB and URLLC service, PDCCH false alarm rate may be increased. 

For this option, different PDCCH processing priorities for eMBB and URLLC cannot be used as analyzed in Question 3.2-1.

	Nokia, NSB
	Our concerns on this option is captured in the summary table, except that we do not necessarily agree with the concern on the extra PDCCH processing time impact, as explained in our response to Question 3.2-1.

	InterDigital
	The concerns listed in Table 1 are valid.

The last concern only applies if Opt.2 is used as a standalone solution and if PDCCH decoding is not differentiated by DCI size or CORESET.

An additional concern is that if more than 1 bit of information is needed (i.e. if there is more than 2 HARQ-ACK priority/configurations) this would require (too) many RNTIs.

	CATT
	Agree with the concerns listed in Table 1 expect the last one as commented to Question 3.2-1.

We consider PDCCH false alarm can be accepted since no new RNTI is needed; UE can reuse MCS-C-RNTI to indicate URLLC traffic type. On the other hand, URLLC traffic is required with low latency and high reliability, high spectral efficiency is not required, hence we consider bundle the new MCS table with low-latency HARQ-ACK is not a big issue. 

Hence, we prefer Opt.2.

	OPPO
	We agree the concerns listed in Table 1 except PDCCH processing issue (as commented in Question 3.2-1).

If the association between the MCS-C-RNTI to and the HARQ-ACK priority is unnecessary for some implementation scenarios, the association can be configurable.

	Ericsson
	Concerns for Option 2: by RNTI

· If a new RNTI is added, PDCCH false alarm rate will increase.
· If MCS-C-RNTI is reused, new MCS table is bundled with low-latency HARQ-ACK.
· Decoding PDCCH introduces extra processing time for collision handling

	ZTE
	With introducing one additional RNTI would not be an issue in terms of false alarm 

	Fujitsu
	We agree the concern 1 and 2. But don’t see 3 as an issue.

Besides, we also think the forward compatibility would be another concern for option 2, if we want to support more than 2 priorities. More RNTIs means more false alarms. The reliability of PDCCH may be influenced in this way and the overall reliability of a PDSCH transmission would decrease correspondingly.

	Huawei, HiSilicon
	As described in our reply to question 3.2-1, processing time of PDCCH decoding is not a concern. As to the first two concerns listed in the table, we don’t think it is critical issues. Firstly, if false alarm is a problem, as CATT described, MCS-C-RNTI can be used to indicate URLLC traffic type. Since URLLC always means high reliability and low latency, there is no problem to bundle it with the new MCS table. For eMBB, we don’t see any strong motivation to use the new MCS table.  

In addition, as our reply to question 3.2-1, option 2 can work no matter whether option 1 or option 2 for handling the co-existence of Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability will be agreed. However, it seems relying on DCI format/DCI sizes or relying on CORESET would be dependent on option 1 for handling the co-existence of Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability, or dependent on whether we can increase the number of BDs or DCI size budget. Explicit indication in DCI would increase the DCI overhead.

	Intel
	Agree with the concern that RNTI based identification may increase the chance of false alarm in PDCCH decoding, limits scheduling flexibility if only MCS-C-RNTI is used.

	CMCC
	Generally, we are fine with the concerns listed above except for the decoding time for PDCCH. 

Additionally, it is worth noted that some service requires new MCS table for high reliability or enhanced coverage but not for low latency. So if RNTI is used for HARQ-ACK codebook identification, the new MCS table would be bundled with high priority HARQ-ACK relative to sub-slot based HARQ-ACK feedback, which seems not reasonable.

	Sharp
	Agree with the concerns listed above except for PDCCH decoding time.

	Motorola Mobility, Lenovo
	We share the concerns listed in the table except for “Decoding PDCCH introduces extra processing time for collision handling”.


Question 3.2-4: Clarification of Opt.3? 

Do you share the same concerns listed in Table 1 about Opt.3? If you do not agree on a concern, please explain why it is not a problem from your perspective.

Can we agree that a new field needs to be introduced in to the DCI for this option? If you suggest to reuse a legacy field, please indicate which field can be reused.

And other understandings not listed for Opt.3?

Please input your views below:

	Company
	View

	Sony
	Agree with the concerns except for the extra UE processing time (as commented in Question 3.2-1).

	Panasonic
	On increased DCI overhead, we think 1-bit indication (high priority and low priority) is sufficient and not the big issue.
Adding the field for Rel.15 DCI formats is only applicable for DCI format 0-1/1-1 and new DCI format for URLLC in USS as these are flexible/configurable DCI size. Therefore, we propose Option 3 in combination with Option 2 or 4 for DCI format 0-0/1-0 in CSS.

	DCM
	For opt. 3, we have different views for the following concern listed in Table 1:
· Increased DCI overhead.
· Since reusing the legacy field means information indicated by this field will be impacted. E.g., if use 1 bit in 4-bits field in HARQ process ID to identify HARQ-ACK for which service, then only at most 8 processes can be configured for one service. The configuration or scheduling flexibility will be reduced. Therefore, we prefer introducing a new field in the DCI. In case two codebooks are supported for a UE, only 1 extra bit in DCI is sufficient. In addition, the bit-length for some other fields may be reduced. So the total overhead of the DCI would not the problem. 
· We do not think decoding PDCCH introduce extra processing time for collision handling, see our replies to Question 3.2-1
· About whether it is necessary to add the field for R15 DCI formats, it depends on the discussions on the new DCI formats/size defined in Rel.16.

	MTK
	Explicit indication allows flexible scheduling and reliability is not impaired. 

The listed concerns regarding overhead and the incompatibility with R15 can be alleviated, if really necessary, by reusing existing fields: 

· each HARQ procedure could have a configurable allowance of HARQ process ID’s. In other words each HARQ process ID would map to a HARQ procedure. 
· Further (hierarchical) signalling to select codebook-less HARQ-ACK feedback could employ a reserved/special value of K1 or K1 index. 
In R1-1911079 we justify why this signalling is not restrictive for the scheduling and causes no overhead in signalling. 

	Qualcomm
	In our opinion, the main issue with this option is that “Decoding PDCCH introduces extra processing time for collision handling” as explained in our response to Question 3.2-1 and explained in details in R1-1911118.

	vivo
	For both new DCI format and DCI 1_1, 1 bit can be added to indicate HARQ-ACK codebook.

For this option, different PDCCH processing priorities for eMBB and URLLC cannot be used as analysis in Question 3.2-1.

	Nokia, NSB
	We agreed with the issue of additional overhead (1 bit for two HARQ-ACK priority levels), but we do not necessarily agree with the concern on the extra PDCCH processing time impact, as explained in our response to Question 3.2-1. From our point of view, this option provides the least drawbacks of all the options with minimum overhead. We propose to add a new field which can be configured to be present in DCI format 1_1 and the new DCI format 1_a.

	InterDigital
	There is small DCI overhead increase with the new field, but we think this drawback is less important than others.

The last concern only applies if Opt.3 is used as a standalone solution and if PDCCH decoding is not differentiated by DCI size or CORESET.

This option provides flexibility if more than 1 bit of information is needed (i.e. more than two HARQ-ACK priority/configurations). This is our preference.

	CATT
	Agree with the concerns listed in Table 1 expect the last one as commented to Question 3.2-1.

In R15, a legacy DCI format can schedule both URLLC and non-URLLC traffic types, it is not reasonable to limit a legacy DCI format to be able to schedule non-URLLC traffic only in Rel-16. If R15 DCI formats can schedule different service types, new DCI field should be introduced in legacy DCI formats as well. 

	OPPO
	We agree the concerns listed in Table 1 except PDCCH processing issue (as commented in Question 3.2-1).

In addition, adding field cannot be applicable for DCI format 0_0/1_0 in CSS, which leads scheduling restriction. In other words, DCI format 0_0/1_0 in CSS can only be configured or applied for one default traffic.

	Ericsson
	We support option 3.

	ZTE
	Agree with the concerns except for the extra UE processing time (as commented in Question 3.2-1).

	Fujitsu
	We would like to support option 3 due to its good forward compatibility for further extension of PHY priorities.
Regarding to concern 1, this is not false, at least if a new field or additional bits are introduced for determining PHY priorities of HARQ-ACK code books. But it may be unfair to option 3 if leaving this concern alone without being accompanied by an exact bit number required by option 3. The exact number of required bits depends on the levels of PHY priority. In Rel-16, 1-bit addition would be enough if only two priority levels are supported. In case that the priority level will be increased in future release, the total required bits would be 4 at most unless the higher layer logical channel priorities are extended further. Compared with the good flexibility/forward compatibility provided by option 3, we think the overhead required by option 3 is acceptable.

Regarding to concern 2 and 3, we share same view with Docomo.

	Huawei, HiSilicon
	Agree with the concerns except for the extra UE processing time (as commented in Question 3.2-1).

	Intel
	In our view Option 3 offers most flexibility without limiting applicability to any given DCI format or RNTI or service type in general. This can be indicated via a configurable field which can be present in new DCI format or in DCI format 1_1.

	CMCC
	We think an existing field (i.e. TDRA indicator) can be reused for HARQ-ACK codebook identification and so the concerns that increased DCI overhead would be not a problem and it is not needed to add a new field for HARQ-ACK codebook identification.
Specifically, a HARQ-ACK codebook indication for each SLIV entry can be added in the TDRA configuration and then the HARQ-ACK codebook can be identified by TDRA indicator in the scheduling DCI. Therefore, no dedicated field is needed in DCI, and payload size of DCI may be further reduced. Furthermore, this solution, i.e. a HARQ-ACK codebook indication for each SLIV entry is added in the TDRA configuration, could also be used for Type-1 HARQ-ACK codebook and a common design can be achieved.

	Sharp
	Agree with the issues list. But from flexibility point of view, it may be the simplest solution. 

	Motorola Mobility, Lenovo
	We support option 3. DCI overhead shouldn’t be a concern for 1 bit indication of sub-slot based (high priority) or slot-based (low priority) HARQ-ACK codebook.  


Question 3.2-5: Clarification of Opt.4? 

Do you share the same concerns listed in Table 1 about Opt.4? If you do not agree on a concern, please explain why it is not a problem from your perspective.

And other understandings not listed for Opt.4?

Please input your views below:

	Company
	View

	DCM
	We share the following concerns listed in Table 1 of Opt.4.

· Restrict the scheduling flexibility.
· Potentially increase the PDCCH blocking probability and/or the number of CCEs/BDs.

	MTK
	We share the concerns about scheduling restrictions in Table 1. In our view, the only advantage put forward is not technically well founded. The existing timelines already include the time necessary for PDSCH decoding, thus dropping the transmission that conflicts with HARQ sending should be implementable without extra delay. Alternatively, if the collision is resolved by multiplexing, the timelines are already given.

The discussion over enhancing the processing timelines is out of scope for this agenda item.  

	Qualcomm
	For the reasons mentioned below, we do not agree with the concerns listed in the table:

· Complicates the configuration of the CORESET/search space and DCI detection: The search spaces of one CORESET, could be additional one on top of the 3 CORESETs that the UE supports in Rel. 15, are configured for detecting the DCIs that could potentially schedule a high-priority channel. 
· May not be applicable when CORESETs/search spaces are overlapping: This is only true if different search space sets are used since different search spaces of a CORESET all share the same DMRS scrambling. However, if different CORESETs are used, even if they are overlapping, there is no issue in distinguishing between the high-priority and low-priority grants.
· Restrict the scheduling flexibility: By adding one additional CORESET, i.e., 3+1 CORESET in Rel. 16, there is no scheduling limitation. 
· Potentially increase the PDCCH blocking probability and/or the number of CCEs/BDs: By adding one additional CORESET, i.e., 3+1 CORESET in Rel. 16, there is no scheduling limitation.
As mentioned in our earlier response, there is an ongoing discussion on enhanced PDCCH monitoring capability. Option 1, which is simpler in terms of both the implementation and the specification effort, would require separating the PDCCH of Rel. 15 and Rel. 16 either based on using different DCI sizes or CORESETs. The similar approach can be used to define the priorities. In addition, there is an ongoing discussion on whether the number BDs should be increased as compared to Rel. 15 and/or different minimum processing timelines should be mixed on the same carrier. For both these cases, it should be clear (similar discussions took place during Rel. 10 and in the context of search space sharing) that the UE’s timeline will be impacted if the UE cannot know decoding which candidates would potentially schedule a high priority/Cap#2 channels. 

	vivo
	For this option, different PDCCH processing priorities for eMBB and URLLC is possible.

If overlapped CORESET/search space are configured for eMBB and URLLC, it will potentially increase the PDCCH blocking probability.
If the BWP bandwidth is limited, it may be hard to configure non-overlapped CORESET/search space.

	Nokia, NSB
	Our concerns are captured in the summary table.

	InterDigital
	We are not sure about the first concern (if this is about RRC signaling) since it appears to only involve the introduction of an additional priority IE in the CORESET or search space configuration.

The scheduling flexibility would be decreased only if the UE does not have increased PDCCH blind decoding capability.

An additional concern is that if more than 1 bit of information is needed (i.e. if there is more than 2 HARQ-ACK priority/configurations) this would require (too) many CORESETs.

	CATT
	We agree the concerns listed in Table 1 of Opt.4.

	OPPO
	We agree the concerns listed in Table 1.

In addition, CORESET number is limited and up to 3 CORESET can be configured for one BWP in Rel-15. If CORESET is used to indicate HARQ-ACK priority, CORESET number per BWP needs to increase.

	Ericsson
	Concerns for Option 4: by CORESET/search space:

· Complicates the configuration of the CORESET/search space and DCI detection.
· May not be applicable when CORESETs/search spaces are overlapping.

· Restrict the scheduling flexibility.
· Potentially increase the PDCCH blocking probability and/or the number of CCEs/BDs

	ZTE
	We agree the concerns listed in Table 1. It will impact the configuration of CORSET and may introduce more discussion, e.g., whether the CORSET for different services should be (partially) overlapped or not, if so, how to determine the priority for this case. 

	Huawei, HiSilicon
	Though the concerns may depend on which option for handling the co-existence of Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability would be used, we agree with the concern listed in the table at this stage. 

	Intel
	We also share concerns capture in the table. Motivation of such restriction and limited scheduling flexibility is not clear

	Intel
	We also share concerns capture in the table. Motivation of such restriction and limited scheduling flexibility is not clear

	Sharp
	Agree with the concerns listed.

	Motorola Mobility, Lenovo
	We share the concerns listed in the table. 


3.3. Determining priority of HARQ-ACK for SPS PDSCH
Question 3.3-1: Should the processing time of PDCCH decoding be considered for the dynamic priority indication of HARQ-ACK for SPS PDSCH?

In RAN1#98, when discussing the DCI-based dynamic indication approaches (i.e. Opt.2), some concerns were raised that decoding PDCCH may introduce extra processing delay and potentially make it difficult to meet the processing timeline of intra-UE collision handling.

Based on your studies, if the DCI-based HARQ-ACK priority indication (e.g. Opt.2) is adopted, how does the PDCCH decoding delay will impact the processing timeline of intra-UE collision handling? 

If the PDCCH decoding delay must be considered and the processing timeline cannot be met in some scenarios, does it imply that a semi-static approach (e.g. Opt.3) must be supported? If a semi-static approach (e.g. Opt.3) is supported, should a dynamic indication (e.g. Opt. 2) can also be supported beyond it?

Please input your views below:

	Company
	View

	Sony
	Opt 3 for SPS has the same problems with Opt 4 for Dynamic Grant based PDSCH.
Opt 1 for SPS is RRC based and so we do not see why there is a PDCCH decoding process involved.

	Panasonic
	If this priority information is also used for DL out-of-order or overlapped PDSCHs operation, PDCCH processing time can have the impact on UE complexity. More processing time is available as Option 3 > Option 2 > Option 1. On the other hand, as we think dynamic grant case needs to be handled by dynamic manner, we don’t see specific merit of relaxation only for SPS.

	MTK
	A semi-static solution is sufficient. No need for additional dynamic indication option.

	Qualcomm
	Based on the same rationale that explained earlier, for SPS PDSCH, Option 1 + Option 2 or Option 1 + Option 3 can be specified. 
In particular, each SPS configuration is associated with a priority. The, the high-priority configuration is activated by a DCI size or a CORESET associated with a high-priority PDSCH and vice versa.

For details on the PDCCH decoding time, please refer to Section 3.1 of R1-1911118.

	vivo
	Processing time for PDCCH decoding is not needed to be considered for activating SPS PDSCH.

	Nokia, NSB
	Processing time of PDCCH decoding does not need to be considered for the dynamic priority indication of HARQ-ACK for SPS PDSCH.

	InterDigital
	The considerations for HARQ-ACK of PDSCH scheduled dynamically also apply to HARQ-ACK of PDSCH semi-persistently scheduled.

	CATT
	The priority in Opt.1 and Opt.3 are semi-static configured, so PDCCH processing is only relevant to Opt.2. The UE only needs to decode the activation DCI and as analyzed in Question 3.2-1, we do not think it is an issue.

	OPPO
	Option 2 and 3 have the same concerns listed in Table 1

We do not see the PDCCH processing issue for Option 1 due to SPS PDSCH transmission except first transmission occasion does not depend on PDCCH.

	Ericsson
	Processing time of PDCCH is not needed to be considered for PDCCH of DL SPS for similar reason to dynamic DL scheduling

	ZTE
	There is no PDCCH processing time issue for Option 1. As for Option 2 and Option 3, the same concerns exist as discussed in Question 3.2-1. 

	Huawei, HiSilicon
	Similar as our reply to question 3.2-1, we don’t see the need to consider PDCCH processing timeline of PDCCH decoding for the discussion of priority of HARQ-ACK for SPS PDSCH. 

	Intel
	Agree with MTK that there is no need to consider dynamic indication of priority for SPS PDSCH. Furthermore, agree with Nokia that w.r.t. processing of the activation DCI, there is no need to consider any special processing time for it.

	CMCC
	Similar with the considerations for HARQ-ACK of PDSCH scheduled dynamically, the PDCCH processing time is not a problem for priority determination of HARQ-ACK for SPS PDSCH.

	Sharp
	We don’t think PDCCH processing time is an issue to be considered.

	Motorola Mobility, Lenovo
	We don’t think PDCCH processing time is an issue for dynamic indication of HARQ-ACK priority and intra-UE collision handling. For HARQ-ACK feedback to SPS PDSCH, UE gets to know whether the collision occurs or not based on PDSCH-to-HARQ feedback timing indicated in DCI format 1_0 or DIC format 1_1 (if present). 


Question 3.3-2: Clarifications of the three options? 

For the three options listed in Section 3.1, please provide your analysis on the pros and cons. And if down-selecting one from the three, which one is your proposal?

Please input your views below:

	Company
	View

	Sony
	Opt 1 is simple and straightforward.  Also, SPS PDSCH is configured for specific service.
Opt 2: How does this work for multiple SPS PDSCH?  Do we need another joint indicator for its activation to indicate the priority of each PDSCH?

Opt 3: Has the same problem with Opt 4 of Dynamic Grant based PDSCH, i.e. blocking, reduced scheduling flexibility & tying service to search space/CORESET.

We support Opt 1.

	Panasonic
	Explicit indicator by RRC configuration or activation DCI is used for priority indication of HARQ-ACK for SPS PDSCH.

	DCM
	For identifying a HARQ-ACK codebook of SPS PDSCH, we prefer explicit indication in activation DCI that aligns with the HARQ-ACK codebook identification for dynamic PDSCH. We do not see the necessity and/or benefits to have a different solution for SPS PDSCH HARQ-ACK codebook.

	MTK
	Introduction of a semi-static additional flag provides the most flexible solution. There would be no benefit from dynamic signaling by the activating PDCCH, in general. 

	Qualcomm
	As mentioned in our response to Question 3.3.1, a combination of Option 1 + Option 2 or Option 1 + Option 3 should be used. They are complementary to each other.

	vivo
	It is suggested to be decided after the dynamically scheduled PDSCH.  Same solution as dynamically scheduled PDSCH is preferred.

	Nokia, NSB
	We prefer that the SPS HARQ-ACK priority is indicated by the SPS configuration (Opt.1). If no priority is indicated by the SPS configuration, then the priority is indicated by the activation DCI (Opt.2) (following the same procedure as for dynamic PDSCH).

	InterDigital
	Opt.2 should read “By the DCI activating the SPS PDSCH” as per Chairman’s notes, to not exclude “explicit indication by DCI”.

We prefer a solution that is aligned with the case of PDSCH scheduled dynamically. If Opt.1, Opt.3 or Opt.4 is adopted for PDSCH scheduled dynamically, the same solution applies naturally to SPS PDSCH without any additional RRC configuration.

	CATT
	Opt.1 means gNB cannot change the traffic type by the activation DCI, but the limitation is acceptable considering that the configurations for different traffic types are expected to be different.
Opt.2 with DCI format or explicit indication in DCI is not preferred based on the discussion for dynamic PDSCH above. RNTI based method cannot be used without defining new RNTI since SPS can be configured for URLLC or eMBB but in any case CS-RNTI is used to activate or release the SPS resource, or to schedule a SPS PDSCH retransmission. 

For Opt.3, it is similar as option 4 of dynamic PDSCH.

We prefer Opt.1.

	OPPO
	We prefer to Option1. SPS PDSCH priority could be indicated by explicit configuration.

Option 2 and option 3 have concerns listed in Table 1.

	Ericsson
	Our preferred option is explicit indication in DCI. 

Note: Option 2 should be fixed to reflect the agreement from chairman’s note : Opt.2: By the DCI activating the SPS PDSCH

	ZTE
	Option 2 and Option 3 have the same concerns as discussed in Question 3.2-1, while there is processing time issue for Option 1. So, we prefer Option 1.

	Huawei, HiSilicon
	For Opt.1, the service type could be linked to the SPS configuration semi-statically. One possible method is to implicitly determine the service type based on the periodicity. Alternatively, a new parameter can be configured in the SPS configuration to directly indicate the service type or priority of this SPS configuration. For DL SPS, it seems simple and sufficient to use this kind of semi-static way to identify the HARQ-ACK codebook. 

Opt.2 may include three potential alternatives. One alternative is to use explicit indication in the DCI activating the SPS PDSCH, the drawback is that it would incur the increased DCI size. Another alternative is to use RNTI of the activation DCI, however for DL SPS, RNTI is already used to differentiate whether it is SPS or dynamic grant, it might be not good to further use RNTI to differentiate the service type of the DL SPS. One more alternative is to use the DCI format of the DCI activating the SPS PDSCH, however one question is whether we will also support new DCI format to activate DL SPS, even we can do this it still exist the case that the size of the new DCI format and the Rel-15 DCI format is aligned, and we need some other way to differentiate it. 

Opt.3 may result in restriction on the scheduling flexibility. Meanwhile, the CORESETs may have to be fully overlap in some cases, where relying on CORESETs to differentiate the service type is not feasible.

Based on the above analysis, option 1 is slightly preferred, especially considering that semi-static differentiation is simple and should be sufficient for DL SPS. 



	Intel
	Agree with MTK and we support Option 1. Option 3 has same issues as Option 4 for HARQ-ACK of DG PDSCH.

	CMCC
	First, opt.2 should be written as the agreement from chairman’s note : Opt.2: By the DCI activating the SPS PDSCH, then option 2 is supported. 

Similar with our reply in Question 3.2-4, an existing field (i.e. TDRA indicator) in the activation DCI can be reused for HARQ-ACK codebook identification if a HARQ-ACK codebook indication for each SLIV entry can be added in the TDRA configuration. In this way the concerns that increased DCI overhead would be not a problem and it is not needed to add a new field for HARQ-ACK codebook identification.

	Sharp
	We prefer Option 1. The SPS configuration itself should be sufficient to determine service type. For Option 2, the activeation/deactivation cannot change the SPS configuration, thus it is not appropriate to determine the priority.

	Motorola Mobility, Lenovo
	We prefer explicit indication in the DCI activating the SPS PDSCH same as for dynamically scheduled PDSCH. 


3.4. Summary and proposals

On answers to Question 3.2-1: Should the processing time of PDCCH decoding be considered for the dynamic priority indication of HARQ-ACK for dynamically-scheduled PDSCH?
· Yes
· QC

· Arguments: 

· BDs for URLLC should be prioritized (under discussion in PDCCH enhancement AI)

· If the above is agreed in PDCCH enhancement AI, Opt.1 or Opt.4 provides a unified solution for PDCCH enhancement and intra-UE collision handling
· No

· Intel, HW, Fujitsu, ZTE, E///, CATT, OPPO, InterDigital, Nokia, vivo, DCM, MTK, Sony, Pana, CMCC, Sharp, Moto/Lenovo

· Arguments: 

· Even if PDCCH decoding prioritization is beneficial for URLLC PDSCH processing timeline, it is not related to UL intra-UE collision handling. Anyway, UE needs to finish PDCCH decoding before starting a collision handling, because the scheduling information in DCI is the basis for identifying a collision scenario.
· First, need to agree if to align the priority of a PDSCH with the priority of the corresponding HARQ-ACK, e.g. gNB should be able to schedule HARQ-ACK for URLLC data on eMBB HARQ codebook when further retransmission occasions are not available. (MTK, Xiaomi)
· PDCCH decoding should be a small part of whole processing and the impact should be minor. (DCM)
Discussion point:
Down-select between belows

· Opt.1: The priority of a HARQ-ACK is aligned with that of the corresponding PDSCH.
· Opt.2: The priority of a HARQ-ACK can be different from that of the corresponding PDSCH.
If taking Opt.1, wait for agreement on PDCCH decoding prioritization. If taking Opt.2, the PDCCH processing issue will not be considered for this discussion.
For down-selecting the 4 options on determining priority of HARQ-ACK for dynamically-scheduled PDSCH, companies’ positions are updated based on Tdoc view for RAN1#48bis.

· Opt.1: By DCI format/size
· Samsung, Sony, LGE, vivo, QC
· Opt.2: By RNTI

· HW, ZTE, CATT, Fujitsu, NEC, Sony, China Telecom, Samsung (when same DCI size for eMBB and URLLC), OPPO, Asia Pacific Telecom (new RNTI), Pana (in format 1_0 in CSS)
· Opt.3: By explicit indication in DCI 

· E///, Nokia, LGE, MTK, Intel, DCM, vivo, Pana, Apple, InterDigital, Moto, Lenovo, China Telecom, ZTE

· Opt.3a: Add a new field: Nokia (in new DCI format and format 1_1), Pana (in new DCI format and format 1_1), ZTE, LGE, MTK
· Opt.3b: Reuse an existing field (e.g. HARQ_process_ID): MTK
· Opt.4: By CORESET/search space 

· LGE, Pana, vivo, QC
· Opt.5: By PDSCH duration (for Type I HARQ-ACK codebook)

· ZTE

The potential problems of the 4 options are updated below based on the companies’ inputs:

	
	Potential problems

	Opt.1: By DCI format size
	· Increase number of DCI sizes (the new DCI format may have the same DCI size with a R15 DCI format) and CCEs/BDs for PDCCH monitoring. – May be resolved by increasing DCI size budget (if Option 1 of PDCCH enhancements is agreed)
· Unnecessarily link the new DCI format to service type. Unreasonable to prevent gNB from using Rel-15 DCI formats to schedule URLLC traffic, or using new DCI format to schedule eMBB traffic. – The associassion can be configurable.

· New DCI format for URLLC cannot support scheduling in CSS. – Solution may be only scheduling high-priority service in USS.

· DCI formats triggering different priorities may have the same size (DCI format 0_0/1_0 in CSS need to be same size as Rel.15) – Additional indication mechanism (e.g. RNTI) can be used jointly. 
· Difficult to support a large number of priorities. – Can limit to 2-level priorities in R16. But forward compatibility is still an issue.

	Opt.2: By RNTI
	· If a new RNTI is added, PDCCH false alarm rate will increase.
· If MCS-C-RNTI is reused, new MSC table is bundled with low-latency HARQ-ACK. – The associassion can be configurable.
· Difficult to support a large number of priorities. – Can limit to 2-level priorities in R16. But forward compatibility is still an issue.

	Opt.3: By explicit indication in DCI
	· Increased DCI overhead. – Most of companies suggest to add a new field.
· Also adding the field for R15 DCI formats? – Also adding a field in DCI format 1_1.
· May not applicable for DCI format 1_0 in CSS. – Jointly used with Opt.2 or 4 can be considered.

	Opt.4: By CORESET/search space
	· Complicates the configuration of the CORESET/search space and DCI detection. – QC propose to add the 4th CORESET.
· May not be applicable when CORESETs/search spaces are overlapping. – QC: No this issue if a separate CORESET is used.
· Restrict the scheduling flexibility. – QC: No this issue if the 4th CORESET is used.
· Potentially increase the PDCCH blocking probability and/or the number of CCEs/BDs. – QC: No this issue if the 4th CORESET is used.
· Difficult to support a large number of priorities. – Can limit to 2-level priorities in R16. But forward compatibility is still an issue.


Within each option, details needs to be clarified and sub-options needs to be down-selected. The following updated options may be further discussed.

Discussion point:
Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH in R16. Down-select from following options for determining the priority:

· Opt.1+2: First by DCI format size. If DCI for transmissions with different priorities have the same sizes, use RNTI to indicate the high priority.

· Opt.3+2: Adding a 1bit in new DCI format and DCI format 1_1 indicating the priority. For DCI format 1_0 in CSS, use RNTI to indicate the priority.
· Opt.4: By CORESET (adding the 4th CORESET)
For the 3 options on determining priority of HARQ-ACK for SPS PDSCH, companies’ positions are summaried below (incl. views in Tdoc for RAN1#48bis):
· Opt.1: By SPS PDSCH configurations (e.g. explicit indicator, periodicity, PDSCH duration)

· Intel, HW, ZTE, OPPO, CATT, Nokia, MTK, Sony,  Pana, QC (Opt.1+2 or Opt.1+3), Sharp, Fujitsu*, Asia Pacific Telecom*, Apple*

· Opt.2: By DCI activating the SPS PDSCH
· QC (Opt.1+2), DCM, E///, CMCC

· Opt.3: By the CORESET where the activating DCI is received
· QC (Opt.1+3)
(*: Position collected from Tdoc review.)

Agreements:

· Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 

· Note: This does not preclude possibility of extending it in future releases.

· An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release

· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
And InterDigital, vivo, Ericsson, DCM propose to adopt a unified solution for dynamic-scheduled and SPS PDSCHs.
4. Determining priority of PUSCH in PHY
4.1. Discussion status till RAN1#98
Based on the contributions to RAN1#98, the companies’ views on the three options are listed below [31]:

For DG PUSCH,
· Opt.1: By PHY indication/signaling, e.g. DCI field, RNTI, SS, DCI format
· HW, Nokia, QC, Fujitsu, CATT, Samsung, LGE, InterDigital, Sharp, Motorola Mobility, Lenovo
· Opt.2: Derived by the logical channel priority by UE

· ZTE, Fujitsu, Pana (association is specified or RRC configured), Nokia

For CG PUSCH,
· Opt.1: By RRC configurations

· HW, InterDigital, CATT (at least for Type-1 CG PUSCH), Samsung, LGE, Qualcomm
· Opt.2: Derived by the logical channel priority by UE

· ZTE, Fujitsu, Pana (association is specified or RRC configured), Nokia

4.2. Determining priority of for DG PUSCH in PHY
Question 4.2-1: Clarifications of the two options?

For the two options listed in Section 4.1, please provide your analysis on the pros and cons. And if down-selecting one from the two, which one is your proposal?

Please input your views below:

	Company
	View

	Sony
	Opt 1 seemed to suggest that the gNB restricts the UE on which LCH (LCID) can be multiplexed into a scheduled PUSCH.  There are already restrictions available in Rel-15 for this purpose and hence we do not see the need to impose additional restriction on the UE’s LCP process

Opt2 seemed to suggest that the PUSCH priority is known only AFTER LCP process, i.e. only after the UE had multiplexed the LCIDs into the PUSCH.  This can be easily done by having the MAC indicate the PUSCH priority to Layer 1.

We support Opt 2, specifically allow MAC to indicate PUSCH priority to Layer 1.

	Panasonic
	Our first preference is the same scheme between dynamic grant PUSCH and configured grant PUSCH.

Although we prefer the same scheme between dynamic grant PUSCH and configured grant PUSCH, for dynamic grant PUSCH, gNB can set the priority based on SR/BSR from the UE with taking into the priority account among different UEs and UE PHY is able to know the priority of logical channel from dynamic priority indication in PHY. Therefore, for dynamic grant PUSCH, the determination of UL-SCH priority based on PHY indication can also be considered.

	DCM
	For Opt.2, PUSCH priority information is derived by the logical channel priority by UE. Then the PUSCH priority information will be not known in gNB side. When collision between two PUSCHs with different priority and UCI with low priority happens, gNB doesn’t know whether UCI is piggybacked on PUSCH or UCI is dropped. So we prefer Opt. 1, it is simple to avoid misunderstanding between gNB and UE. For listed options of Opt.1, identifying PUSCH priority in PHY layer by explicit indication in DCI seems better, which also aligns with the HARQ-ACK codebook identification for dynamic PDSCH.



	MTK
	In our view, for DG PUSCH, Opt-2., i.e., deriving priority from LCH is sufficient and saves the burden of signaling. 

Companies objecting to the proposals have failed to provide compelling evidence of any shortcoming. The only alleged shortcoming was that UE may load URLLC data on a grant meant for eMBB, or vice versa, and this could lead to unexpected prioritization or multiplexing that the gNB would not be prepared for.

First of all, it remains to be proven that such a scenario exists in practice, since: 

1) Short periodicity of URLLC SR implies that the chance of new data being requested between last non-colliding SR occasion and PDU assembly of the PUSCH grant involved in a collision is very-very low, or even 0. 

2) LCP rules can make sure that URLLC data is only transmitted on a grant that the gNB meant for URLLC data.

Even if an ambiguous case existed, it would occur extremely rarely. Blind decoding capacity is available for these rare cases because BD is already required when scheduling information is missed for one of the transmissions participating in a collision between PUSCH and UCI. 

	Qualcomm
	Agree with Panasonic that for dynamic PUSCH, the priority should be indicated at the PHY layer. 

In addition, as discussed in the previous meetings too, there are more issues with the MAC-based priority determination/indication as explained in detail in R1-1911119. In particular, the MAC based solution increases the processing time at the UE. This is because this approach involves checking the priority of different logical channels and comparing the priority of different grants. Clearly more time is needed to complete these operations, which in Rel. 15 NR are not taken into account when N2 values were chosen.

More importantly, if the UE can change the priority of the PUSCH, the UCI multiplexing outcome becomes non-deterministic from the network point of view. This issue is more pronounced under UL CA, and significantly increases the network complexity. An example is shown in the figure below:
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In summary, we think that for PUSCH, the priority should be indicated under Option 1. This approach makes sure that the priorities are indicated by the gNB and both the UE and the gNB always have the same understanding, which is essential for protecting the high-priority UCI, while keeping the gNB’s complexity at a reasonable level. More specifically, different DCI sizes or CORESETs could be used for this purpose. 

	vivo
	We prefer opt. 1, Opt.1: By PHY indication/signaling, e.g. DCI field, RNTI, SS, DCI format

For opt.2, it may lead to misunderstanding between gNB and UE if logical channels with different priorities can be mapped to the same physical resource (depend on the LCP restriction).

	Nokia, NSB
	Both Option 1 and Option 2 can help UE PHY to make correct prioritization decision in case DG PUSCH is conflicting with PUCCH carrying HARQ-ACK/SR/CSI. One clear difference between Option 1 and Option 2 is the PUSCH priority awareness at gNB side. In case with Option 2, UE has the priority information of the DG PUSCH while gNB does not. From gNB detection point of view, additional efforts are expected with Option 2 due to the unawareness of PUSCH priority at gNB which leads to increased detection hypotheses, compared to Option 1 with explicit PHY priority indication/signaling. While in case PUSCH priority information is known at gNB, there is no detection ambiguity at gNB receiver since the gNB knows exactly which case it is and the corresponding UE behavior. 

How to deliver HARQ-ACK priority information is also part of this email discussion, and in principle, the same options can be applied to indicate DG PUSCH priority as well. In our view, the preferred way is to use an explicit/dedicated field in DCI (for example one bit in case with two priority levels).

	InterDigital
	As noted above, Opt.2 results in uncertainty on what the UE would transmit in case of overlap with HARQ-ACK. This implies multiple hypotheses testing at the network side.

Opt.1 is thus preferred. The same solution as for dynamically scheduled PDSCH should be selected. Our preference would be by explicit indication in DCI.

	CATT
	We think only 2 levels should be defined for PHY-layer DG PUSCH priority otherwise the priority of DG PUSCH cannot be compared with the priority of other UCI. Therefore, LCH priorities need to be quantized to 2 PHY-layer DG PUSCH priority levels. 

In Opt.1 PUSCH priority is determined by gNB, a UE is not expected to map a LCH with high priority on a PUSCH indicated as low priority, or vice versa. For example, a PUSCH is indicated as eMBB in PHY by DCI, if UE MAC layer maps a URLLC LCH on the eMBB PUSCH, it may result in dropping of URLLC LCH in PHY when it overlaps with a URLLC HARQ-ACK. Hence, we consider the LCP mapping restriction should be defined.
The drawback of Opt.2 is that it will increase blind detection at gNB side. Because the priority of PUSCH is determined in MAC and LCH with different priorities may map on one PUSCH, gNB cannot know the priority of PUSCH and then gNB should do blind detection assuming PUSCH with different priorities. It increases the gNB complexity and decoding error rate, similar as the issue we analyzed for option 1 in Question 2.2-1.
Hence, we prefer Opt.1.

	OPPO
	Firstly, the function of PUSCH priority indication needs to be clear. In my opinion, PUSCH priority indication discussed in physical layer is used to solve intra-UE collision in physical layer only. Logical channel mapping does not depend on PUSCH priority indication discussed in physical layer. And logical channel mapping follow RAN2 agreement.

There are three collisions related with PUSCH: PUSCH and PUSCH, PUCCH with HARQ-ACK/CSI and PUSCH, SR and PUSCH. 

· Collision between PUSCH and PUSCH

RAN 2 assumed the later grant with high priority for the collision between dynamic PUSCH and dynamic PUSCH. To simply system complexity, unified solution is preferred for all PUSCH types. In other words, for collision between dynamic PUSCH and configured grant PUSCH, configured grant PUSCH and configured grant PUSCH, the later MAC PDU received in physical layer is high priority.

· Collision between PUSCH and PUCCH with HARQ-ACK/CSI

Considering that collision between PUSCH and PUCCH with HARQ-ACK/CSI cannot be known by gNB, we need to provide solution in physical layer.

· Collision between SR and PUSCH

RAN2 has achieved relative agreement, we follow RAN2 agreement.

So only collision between PUSCH and PUCCH with HARQ-ACK/CSI cannot be handled by RAN2. For collision between PUSCH and PUCCH with HARQ-ACK/CSI, option 1 is preferred due to unified priority indication for PUSCH and PUCCH with HARQ-ACK/CSI.

	Ericsson
	Option 1 is preferred as it is clear agreement between gNB and the UE what is the priority of the PUSCH

	ZTE
	We prefer Option 2. 
For DG PUSCH vs DG PUSCH, the later granted PUSCH has higher priority. There is no ambiguity at gNB side for this case. 
For DG PUSCH vs CG PUSCH, the later coming PDU from MAC layer has higher priority for Option 2, i.e., the UE behavior is clear. In addition, gNB could know the priority of DG PUSCH based on its triggered SR/BSR. Then, the same processing for both Option 1 and Option 2 is expected at gNB side as follows, i.e., there is no ambiguity: 
· If DG PUSCH has high priority, gNB will decode DG PUSCH and drop decoding  CG PUSCH if already started. 

· If DG PUSCH has low priority, gNB will anyway blindly detect whether there is an CG PUSCH transmission based on DMRS detection. If it detects a CG PUSCH transmission, it means CG PUSCH transmission has high priority and drop decoding DG PUSCH  if already started. 

For DG PUSCH vs UCI, the priority of UCI is known by both gNB and UE based on PHY indication, and the priority of DG PUSCH can be known based on its triggered SR/BSR. So, there is no ambiguity at gNB side. 

	Fujitsu
	We support Opt 2. 

· General comment:

· The priority we discuss here is for the collision handling of intra-UE UL signal. In other word, the priority determinations of PUSCH/SR/HARQ-ACK codebook is not separated. The overall discussion/consideration may needed. The following two rules may need to be guaranteed.

· 1. The priority of PUSCH should be guaranteed in line with the priority of SRs. 
· More specifically, the PHY priority of an SR triggered by a certain logical channel should be as same as the PHY priority of PUSCH carrying the data from the same logical channel.

· 2. The priority of PUSCH/SR and the priority of HARQ-ACK should be in line (or comparable) with each other. 

· To guarantee this, the gNB should know/indicate the UE how to determine the PHY priority of PUSCH/SR based on the logical channel behind this PUSCH/SR.
· Option 2
· If SR option 2 is adopted, there is no misunderstanding between gNB and UE on the PHY priority of PUSCH. The above rule 2 can be naturally guaranteed.

· As our comment in SR part, if the explicit priority indication in SR configuration (SR opt. 2) is adopted, this is equivalent to a mapping rule between logical channel priorities and PHY priority which is configured by gNB. If this is the case, via SR opt.2, somehow the gNB and the UE have the same understanding on which PHY priority should be labeled to which logical channel. When UE determines the PHY priority of a PUSCH based on the corresponding logical channel, the UE can simply following the instruction given the gNB for SR.
· Option 2 has less impact on the existing functionality of MAC layer. 
· When the UE MAC decides the data from which logical channel will be mapped to a certain uplink grant (uplink time-frequency resource), the UE MAC has its own mechanism to guarantee that the data with highest logical priority (higher layer parameters already supported in Rel-15) will be picked up. 
· Regarding to the additional blind detection which may be required at gNB side to distinguish which physical channel is finally transmitted, we don’t agree with the relevant comments. Even if there is no colliding intra-UE PHY signal/channels, the gNB needs to determine whether a DG/CG PUSCH is transmitted or not before the gNB starts decoding this PUSCH. 

· For DG PUSCH, the PUSCH could fail to be transmitted due to misdetection of the corresponding PDCCH with dynamic grant. Another case is if no data for transmission in MAC layer there will be no PUSCH at all.

· For CG, though the resource is configured, if the UE has no data for transmission in MAC layer, the CG resource could be passed and there is no CG PUSCH at all as well.

· Hence, we don’t see blind detection on whether a PUSCH is transmitted or not is an additional requirement to gNB.

· Option 2 should be adopted.
· Option 1
· If SR option 2 is adopted, there is no need to additionally indicate the PHY priority of PUSCH/UL resource to UE. If SR option 1 is adopted, PUSCH option 1 may be needed. But the standardization impact caused by adopting PUSCH option 1 is much more obvious than the scheme there the gNB directly configure a mapping rule between higher layer logical channel priorities and PHY priorities.

· Option 1 has more standardization impact and more limitation to UE implementation. 
· Before, for a certain grant either CG or DG, there is no priority tied to it. Hence the UE can pick up the data with the highest priority when this grant is processed in MAC. If Option 1 is adopted, this means every grant will be labeled with a certain priority. When this grant is processed in MAC, what will happen if there is a hurry-up data the priority is higher than the priority of this grant? What will happen if there is no data with the priority as same as the priority of this grant while the data needing to be transmitted is less prior than the grant? All these cases may need to be further discussed and standardized. 
· Considering the time units left for release 16 are shorted, option 1 is not preferable due to its required standardization workload.

	Huawei, HiSilicon
	In our understanding, both option 1 and option 2 can work. However, it seems better to utilize the same differentiation mechanism for DG PDSCH, i.e. option 1. As descried for differentiation of HARQ-ACK for DG PDSCH, we slightly prefer to differentiate eMBB and URLLC by RNTI.  

	Intel
	In our view, PHY layer priority indication does not generally apply in resolving resource conflicts of different kinds. For example, SR vs PUSCH, LCH priority identification is sufficient and RAN2 has agreed that deprioritized PUSCH is not forwarded to PHY. On the other hand, when resources of two or more dynamically scheduled transmissions overlap, PHY indication may not be sufficient, especially when a UE may have multiple URLLC-like flows and each overlapping PUSCHs may have ‘high’ priority. To resolve such cases, relative time of arrival of the PDCCHs of the dynamically scheduled transmission should be considered, i.e., PDCCH starting later indicates higher priority, which makes explicit indication of priority in DCI not meaningful/decisive in terms of determining UE behavior. 

Moreover, the issue gets more pronounced when more than two ‘high’ (if indicated at PHY) priority PUSCH overlaps with resource of ‘high’ priority HARQ-ACK, revealing the shortcoming PHY indication of two level priority which does not offer a scalable solution. Hence, we propose to add 

Option 3: Derived based on arrival time of PDCCH, 

which can be effectively used for comparing priority of DG PUSCH if its resource collides with one or more DG PUSCH or HARQ-ACK. 

There has been some concern raised on gNB being unaware of PUSCH priority if PUSCH priority is obtained from LCH carrying the PUSCH. 

Note that even in Rel15, it is possible that UL grant may not be detected by the UE and hence, gNB would have to test hypotheses for both cases: HARQ-ACK can be multiplexed onto PUSCH or transmitted in PUCCH. In terms of gNB behavior, this case and not knowing priority of PUSCH if it is derived from LCH are the same. Thus, there are no fundamental changes to the mode of operation in terms of multiple hypotheses tests at the gNB receiver due to any potential uncertainty about PUSCH priority at the gNB side. 



	CMCC
	Generally, opt.1 (By PHY indication/signaling, e.g. DCI field, RNTI, SS, DCI format) is supported for DG PUSCH priority determination. RAN2 has been agreed that some solutions for enhancing LCP restrictions is needed and down selections between potential solutions (i.e. adding MCS-C-RNTI or a new indication such as allowedOnReliableGrant to LCH restrictions) will be discussed in RAN1 #98bis. Natually, the discussion and agreements in RAN2 can be inherited and thus PHY indication related to the scheduling DCI can be reused for DG PUSCH priority determination.

Furthermore, as a common understanding, only two priority levels can be distinguished based on the scheduling DCI and if two PUSCHs both belong to high priority service, the collision can be first handled in MAC layer according to the LCH priority, if both MAC PDUs are delivered to PHY layer, PHY can simply prioritize the latest MAC PDU.

	Sharp
	Option 1 is preferred. Furthermore, it is preferred to use the same/similar method for PDSCH priority determination for PUSCH priority determination. Thus, they can be treated together.

	Motorola Mobility, Lenovo
	We prefer Option 1 with explicit indication in DCI field, which is a consistent solution for PDSCH and PUSCH (assuming that both PDSCH priority and HARQ-ACK priority are indicated by the 1-bit priority indication field). Option 1 would also reduce ambiguity at gNB regarding UCI multiplexing. 


4.3. Determining priority of for CG PUSCH in PHY
Question 4.3-1: Clarifications of the two options?

For the two options listed in Section 4.1, please provide your analysis on the pros and cons. And if down-selecting one from the two, which one is your proposal?

Please input your views below:

	Company
	View

	Sony
	RAN2#107 agreed that:
Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations

This type of mapping is RRC configured and hence, this agreement suggest that BOTH Opt 1 AND Opt 2 are used.  Or either Option is also ok since any LCH to CG mapping requires some form of RRC configuration.  It looks like these two options are not options at all but form an agreement to implement RAN2’s agreement.


	Panasonic
	Similar to the case that UE knows the SR’s priority, since a PUSCH (one TB) can contain the data corresponding to multiple logical channels, the determination of UL-SCH priority can be logical channel priority based approach. UE MAC determines UL-SCH priority based on the highest priority of LCH in the MAC PDU. UE MAC delivers the MAC PDU and UL-SCH priority information to PHY. This approach can unify the UE’s priority determination regardless of dynamic grant and configured grant. 

Similar to SR case, UL-SCH priority at PHY layer does not necessarily have the same granularity level as the logical channel priority. For example, logical channel priority has 16 levels but PHY-level priority can have smaller number of levels such as 2 (high or low) or more levels. In this case, the association rule between PHY-level priority and logical channel priority should be defined in the specification or configured by RRC.

	DCM
	For CG PUSCH, we prefer Opt.1. Same reason for Question 4.2-1.

	MTK
	Opt-1 (RRC configuration) has the advantage that the priority level is predictable by the gNB, since it does not depend on the buffer status. LCP-rule can (and should) make sure that high-priority data does not use a low priority configured grant. LCP-rule can also make sure that low-priority data does not use a high-priority grant to avoid any priority inversion in the case of collision with other transmissions.

Opt-2 (derived from LCH priority) has the advantage that high priority data that gNB is not aware yet may determine the behavior. However, if this occurs rarely, the advantage is negligible, if it occurs frequently (less likely scenario) then the drawback is that gNB cannot predict the behavior reliably.  

Therefore, Opt-1 is the preferred solution.

	Qualcomm
	For the same reasons as explained in our response to Question 4.2-1, especially in terms of allowing for deterministic network behavior under UL CA and UE processing time, we propose to adopt Option 1.

	vivo
	For type 1 CG PUSCH, it can be determined by RRC configuration;

For type 2 CG PUSCH, it can determined by activation DCI as that of DG PSUCH or RRC configuration.

	Nokia, NSB
	For CG PUSCH, Option 2 will lead to extra detection complexity similar as Option 2 for DG PUSCH. Moreover, considering RAN2 already agreed “Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.”, it would be quite straightforward to extend the RRC configuration by including CG PUSCH priority information in RRC signaling. In this way, both UE and gNB can have the same information of PUSCH priority. It should be noted that in principle for Type 2 CG PUSCH, it is also possible to include the priority information in DCI in a similar/same way as DG PUSCH. With the motivation of keeping the same solution for both Type 1 and Type 2 CG PUSCH, Option 1 (via RRC configurations) is the preferred solution.

	InterDigital
	As for the case of dynamic grant, Opt.2 results in uncertainty in case of overlap with HARQ-ACK.
For configured grant type 1, Opt.1 is straightforward and should be selected.

For configured grant type 2, we prefer to follow the same approach as for SPS PDSCH, i.e. align with DG PUSCH. If priority of DG PUSCH is by explicit indication in DCI, DCI format/size or CORESET/search space, the same solution comes for free for configured grant type 2.

	CATT
	Similar as determining priority of DG PUSCH, the 16 LCP priority levels should be quantified as 2 CG PUSCH priority levels. For option 1, CG PUSCH priority is combined to a CG PUSCH configuration, UE is not expected to map a logic channel with high priority to a CG PUSCH with low priority, or vice versa. For option 2, gNB and UE may have different understanding on the CG PUSCH priority so that the blind detection in gNB is increased.

Hence, we prefer Option 1.

	OPPO
	We prefer option 1. Similar comments in 4.2-1.

	Ericsson
	We think explicit indication is needed (RRC configuration for type 1 and DCI indication for type 2). Also the RAN2 agreement “Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations” makes a clear connection between the two options for CG type1

	ZTE
	For CG PUSCH vs CG PUSCH, gNB only needs to detect and decoding the high priority CG PUSCH for Option 1, while Option 2 needs blindly detect all CG PUSCH first and then only decode the one which successfully detected, i.e. the high priority one. 

For CG PUSCH vs UCI, the expected behavior at gNB side is:

· For Option 1, gNB needs to do blind detection of CG PUSCH except for when CG PUSCH is low priority and UCI is high priority. 

· For Option 2, gNB needs to do blind detection of CG PUSCH for all cases first. If it is not successfully detected, then gNB will only decode UCI on PUCCH. If it is successfully detected, then gNB will decode both PUSCH and UCI if UCI has high priority, while it gNB will not know whether UCI is piggybacked on PUSCH if UCI has low priority.
Based on above, there could be ambiguity at gNB side for CG PUSCH vs UCI for Option 2. So, we think Option 1 is better. 

	Fujitsu
	Similar consideration to what we share in DG PUSCH part.

	Huawei, HiSilicon
	Both option 1 and option 2 can work. For option 1, the principle is aligned with the agreement in RAN2 for handling the collision of SR and UL-SCH, where the priority of the LCH that triggered the SR is used to determine the behavior. Defining the mapping rule between LCH priority and PHY priority is not a big issue to address, some straightforward and simple way can be used, e.g. using some threshold. Option 2 seems a simple way though, since it is possible the only specification impact is to add one new RRC parameter to indicate the priority. 

Both options are ok with us. We slightly prefer option 2, considering it is more aligned with what RAN2 mostly likely to use for priority determination.  

	Intel
	For both options, some RRC mapping between LCH(s) that can carry CG PUSCH and resource configuration of CG PUSCH would be necessary. . While, Option 2 is sufficient for MAC level prioritization, i.e., for determining whether to forward CG PUSCH if there are other LCHs having colliding transmissions, we slightly prefer Option 1 for PHY collision handling, i.e. to decide whether CG-PUSCH transmission is prioritized or not in case of overlap with other UL transmissions that may not allow for MAC-level prioritization. 

On the other hand, we would like to clarify that similar to the case in DG PUSCH, UL skipping can occur for CG PUSCH, and to determine whether UCI is multiplexed or not onto CG PUSCH, gNB would have to test hypotheses anyways for both cases: CG PUSCH may or may not be transmitted at configured occasions. This situation does not change in Rel16 and thus, there are no fundamental changes to the mode of operation in terms of multiple hypotheses tests at the gNB receiver due to any potential uncertainty about PUSCH priority at the gNB side.



	CMCC
	For type-1 CG PUSCH, similar with our reply in Question 2.2-1 for SR priority determination, opt.1 is supported by adding a new parameter to indicating the priority for the CG configuration.

For type-2 CG PUSCH, similar with our reply in Question 4.2-1 for DG PUSCH priority determination, we would like to add another option is that based on the activation DCI.

	Sharp
	Option 1 is preferred.

	Motorola Mobility, Lenovo
	For type-1 CG PUSCH, RRC configuration is preferred. For Type-2 CG PUSCH, explicit priority indication in the activation DCI is preferred.  


4.4. Summary and proposals

RAN2 progress in this meeting:
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For DG PUSCH,

· Opt.1: By PHY indication/signaling, e.g. DCI field, RNTI, SS, DCI format
· HW, OPPO (for L1), E///, CATT, InterDigital, Nokia, vivo, QC, DCM, Pana, CMCC, Sharp, LGE*, Moto/Lenovo

· Arguments: 

· gNB can set the priority based on SR/BSR from the UE with taking into account the priority among different UEs.

· RAN2 already agreed “Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.”
· Problems: 

· Share the same problems as mentioned in HARQ-ACK priority discussion.

· Impose additional restriction on which LCH (LCID) can be multiplexed into a scheduled PUSCH. (Sony)

· Opt.2: Derived by the logical channel priority by UE
· Sony, Fujitsu, ZTE, MTK, OPPO (for L2)
· Arguments: 

· For the ambiguity case in which UE loads URLLC data on a grant meant for eMBB, or vice versa, it would occur extremely rarely, and blind decoding can be used. (MTK)
· Problems: 

· UE has the priority information of the DG PUSCH while gNB does not. This leads to ambiguity between gNB and UE. Blind detection on gNB side is needed.
· When collision between two PUSCHs with different priority and UCI with low priority happens, gNB doesn’t know whether UCI is piggybacked on PUSCH or UCI is dropped. (DCM) – RAN plenary down-scoping has precluded the scenario?

· If the UE can change the priority of the PUSCH, the UCI multiplexing outcome becomes non-deterministic from the network point of view. (QC) – RAN plenary down-scoping has precluded the scenario? 
· Increases the processing time at the UE, especially for UL CA (for checking the priority of different logical channels and comparing the priority of different grants.). (QC)
· Opt 3. Derived based on arrival time of PDCCH

· Intel
Offline proposal:
PHY priority of DG PUSCH for PHY-layer collision handling is determined by a PHY indication/signaling.

For CG PUSCH,
· Opt.1: By RRC configurations
· Intel, ZTE, OPPO, E///, CATT, InterDigital (for Type1), vivo (for Type1), QC, MTK, DCM, Sony, CMCC (for Type 1), LGE* (for Type 1) , Moto/Lenovo, Nokia, HW
· Arguments:

· RAN2 agreement “Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations” makes a clear connection between the Opt.1 and 2 for CG type1.
· Priority is known by the gNB.

· Opt.2: Derived by the logical channel priority by UE

· Fujitsu, Panasonic, Sony,
· problems:

· Extra detection complexity (as for DG)

· Opt.3 (added by CMCC): Based on the activation DCI
· CMCC (for Type 2) , Moto/Lenovo DCM (for Type 2), E/// (DCI can override RRC for Type 2)
· Arguments:

· Inherite PUSCH priority determination mechanism.
(*: Position collected from Tdoc review.)

Offline proposal:
PHY priority of CG PUSCH for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.

5. On priority of CSI

5.1. Discussion status in RAN1#98
Based on the contributions to RAN1#98, most of companies assume no priority is needed for CSI. However, during the discussion in RAN1#98, some companies suggested to think over the issue.
5.2. Necessity of CSI priority and indication approaches
Question 5.3-1: Necessity of CSI priority and indication approaches?

Do you think it is necessary to set priority to CSI reports (e.g. high or low priority)? If it is needed, how to determine the priority of a CSI report on the UE side?

Please input your views below:

	Company
	View

	Sony
	CSI priority is not required for Rel-16.  The CSI is used for link adaptation which is a slow process and hence there is no latency issue.
Rel-15 we already considered have separate CSI for eMBB and URLLC and this was not accepted.  Unless there is a significant benefit shown we do not need to discuss this same issue gain in Rel-16.

	Panasonic
	On the priority of CSI, it can have always certain fixed level priority. For example, when PHY-level priority has 2 levels (high/low or URLLC/eMBB), CSI priority is always low/eMBB priority could be one possibility.

	DCM
	For SP-CSI, P-CSI, it is not necessary to set priority to CSI reports, it is understood that the priority for SP-/P-CSI report is the same as Rel.15. However, it is not clear the priority for A-CSI report triggered by DCI scheduling URLLC PUSCH with and without UL-SCH. It would be straightforward to re-use the priority indication for DG to determine the priority for A-CSI report with or without UL-SCH that triggered by URLLC UL grant. 

	MTK
	In the case of P/SP-CSI vs P/SP-CSI collision, the lower BLER target could indicate more critical information and should be accounted for in the dropping rule for the case when a multi-CSI resource is not configured.

In other collisions P/SP-CSI, as well as A-CSI on PUSCH not carrying data, can be handled as low-priority. This allows multiplexing CSI with other low-priority transmissions. On the other hand, high priority transmissions colliding with CSI may be prioritized to preserve latency, for instance. 

	Qualcomm 
	The same as other channels, two priority levels can be used for PUCCH resources carrying P-CSI. Configuring a high-priority P-CSI enables the network to always have access to channel estimate for URLLC even when there is no traffic for a duration of time. This is because the high-priority P-CSI is always protected against all the low-priority channels; however, similar to Rel. 15, the high-priority P-CSI should have a lower priority than all other high-priority channels.

	vivo
	It’s not necessary to set priority to CSI reports. CSI report is treated as low priority.

	Nokia, NSB
	For periodic CSI (P-CSI), we do not see the need to define different priority levels. P-CSI generally speaking does not have low latency and/or high reliability requirements, even if it is configured for URLLC traffic. Furthermore, the CSI payload size is not negligible (especially considering the case with MIMO) and could thus impact the reliability of high priority channels when they are multiplexed together. Therefore, P-CSI can be treated in the same way as other low priority channels. 

For A-CSI, it has the same priority as the PUSCH carrying A-CSI.

	InterDigital
	The priority of CSI on PUCCH could be implicitly set to the lowest level. In case of CSI on PUSCH, it could have same priority as PUSCH.

	CATT
	Since CSI is not associated with any LCH, prioritization involving CSI collision is expected to be RAN2-agnostic, and from physical layer, we did not see the need to prioritize CSI for different traffics, hence CSI can be considered as an eMBB UCI.

	OPPO
	It is not necessary to distinguish CSI for eMBB or URLLC. CSI priority is always lower than HARQ-ACK and SR.

	Ericsson
	Not necessary to have CSI priority.  Periodic and semi-persistent CSI can be assumed as low priority. If there is a need for high priority CSI, then aperiodic CSI can be triggered, in which case it is carried by PUSCH and hence can inherit the priority of PUSCH.

In any case we don’t think that indicating priority of CSI is needed

	ZTE
	Both P-CSI and A-CSI can be considered as low priority since it is not associated to logical channel priority. 

	Huawei, HiSilicon
	We don’t see the need to set different priority for periodic and semi-persistent CSI, since there is no any specific enhancements for CSI for URLLC in this release. As to aperiodic CSI, if the differentiation of eMBB and URLLC by DCI for PUSCH would be adopted, then it is straightforward to simply reuse the similar mechanism to differentiate the priority of the aperiodic CSI, e.g. different RNTI can be used to differentiate it.    

	Intel
	Agree with DCM that for SP-/P-CSI, it is not necessary to tag priority to CSI reports, and in our view the priority of SP-/P-CSI report is the same as Rel.15.

	CMCC
	We think it is not needed to set different priority for P-CSI and SP-CSI report. For A-CSI report, if DCI related indication is adopted for PUSCH priority determination, it is naturally to inherit it to A-CSI, e.g. by RNTI or DCI field in the triggering DCI.

	Sharp
	No need to differentiate CSI priority.

	Motorola Mobility, Lenovo
	Priority of a periodic or semi-persistent CSI report in PUCCH can be dependent on priority configuration of a PUCCH resource in a CSI report configuration. For example, a CSI report configuration of PCell or of a serving cell that serves UE’s URLLC traffics may be configured with a high priority PUCCH resource(s) so that gNB can maintain up-to-date CSI information for the corresponding cell.


5.3. Summary and proposals
Necessity of P/SP-CSI priority in R16:
· Opt.1: P/SP-CSI is treated with low priority (as R15).

· HW, E///, ZTE, Ericsson, OPPO, Sony, Pana, CATT, Nokia, vivo, DCM, Intel, CMCC, Sharp, LGE*
· Opt.2: P/SP-CSI can be treated with high priority for URLLC
· QC (but with lower priority than all other high-priority channels), Samsung* (priority configured in CSI resource), Moto/Lenovo (priority configured in CSI resource)
Necessity of A-CSI priority in R16:
· Follow the priority of the PUSCH conveying the A-CSI (PUSCH only conveying A-CSI is treated with low priority).
· DCM, MTK, Nokia, InterDigital, E///, ZTE, HW, CMCC
· Follow the priority of the PUSCH (indicated by DCI) conveying the A-CSI (If PUSCH is indicated as high priority, PUSCH only conveying A-CSI is treated with high priority) 
· Motorola Mobility, Lenovo
(*: Position collected from Tdoc review.)
Offline proposal:
For handling intra-UE collision in R16, 

· P/SP-CSI is treated with low priority.
· The priority of a A-CSI depends on the priority of the PUSCH conveying the A-CSI. 

6. Others
	Company
	View

	Fujitsu
	It is noted that though the current focus is how to determine the priority of physical signals/CHs, we still have not touched another issue yet which may be more basic, i.e. “what is the priority of PHY signals/CHs”. In our view, the following questions needs to be further discussed/clarified:
· How many priorities would be supported in Rel-16?
· This issue is related to priority determination which is at least relevant to the overhead required for this priority indication/determination.

· For example, in the priority determination for HARQ-ACK/PDSCH, if only two priorities are supported in Rel-16, every candidate on the table seems workable. However, if the priorities is 8, both RNTI-based method and CORESET-based method may get some problems unless joint indication is considered.

· This issue is highly related to how to understand the agreement achieved in previous meeting, that the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.
· So far, all we agreed is “two HARQ-ACK codebooks are simultaneously constructed”. Two codebooks are simultaneous does not exactly mean the priorities of HARQ-ACK codebook is 2. It is still possible that the priority number is larger than 2, but the simultaneous HARQ-ACK codebooks are limited to 2.
· Could we firstly clarify how many cases need to identified via ‘PHY identification of HARQ-ACK codebooks’? 
· If it is finally confirmed ‘PHY identification of HARQ-ACK codebooks’ is used to identify two codebooks at most and the priorities of HARQ-ACK codebook is at most 2 as well, this agreement could be treated as that the priority of HARQ-ACK codebook could be determined by PHY identification only.

· If it is finally confirmed ‘PHY identification of HARQ-ACK codebooks’ is used to identify two codebooks at most and the priorities of HARQ-ACK codebook could be more than two, further clarification would be needed for the latest agreement made in RAN1 #98
Moreover,
· New UCI lately introduced in MIMO session for SCell beam failure recovery may need to be considered as well.
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