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1. Introduction

During the RAN1#98, the following two topics were discussed [1]:

1) How to handle the out-of-order HARQ-ACK with PDSCHs are non-overlapping.

2) How to handle the collision across two overlapping unicast PDSCHs.

Under (1), the solution is dependent on whether PDSCHs scheduled on the same carrier can follow different minimum PDSCH processing time capabilities or not. In case different minimum PDSCH processing time capabilities can be assumed on the same carrier, the solutions should address the UE processing pipelining issues. 

Under (2), regardless of whether different minimum PDSCH processing time capabilities are allowed on the same carrier or not, the solutions should address the UE processing pipelining issues. 

Whether the same or different minimum PDSCH processing time capabilities should be allowed is related to the following FFS from an agreement reached during RAN1 #96:

“FFS whether or not, out-of-order operation is allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.”
Based on the contribution papers submitted to the RAN1 #98 [2-21], the companies proposed that:

· 9 companies (Huawei/HiSi, Ericsson, vivo, LGE, OPPO, InterDigital, III, DOCOMO, Qualcomm) support the mixing of different DL timeline capabilities in all cases.

· 4 companies (CATT, Intel and Sharp, Nokia) proposed to only allow different minimum processing timeline capabilities on the same carrier when additional DMRS and timeline capability #2 are simultaneously configured.

· 4 companies (ZTE, MediaTek, Samsung and Panasonic) proposed not to allow for different minimum DL processing timeline capabilities to coexist on the same carrier. 

To make the decision, the following email discussion was approved:

[98-NR-15]
Proposals:

For Rel. 16 NR, the following cases are supported:

· Case 1: different minimum processing timeline capabilities can be configured for PDSCHs on the same carrier. The minimum processing timeline capability for each PDSCH is indicated at the PHY layer.

· Case 2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier.

Email discussion till 9/30 for the above proposals & other related DL OoO issues – Kianoush (QC)
In addition, two other topics were discussed during RAN1 #98: The first topic is related to whether a UE should be able to process two unicast PDSCHs when they overlap under Scenario 1-1 and 1-2. The second topic is related to the following working assumption:

Working assumption:
· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.

Based on the inputs to RAN1#98, the companies proposed that:

· Confirm the working assumption: 5 companies (Ericsson, Samsung, Intel, DOCOMO and Qualcomm)

· Confirm the working assumption only when the HARQ-ACK bits are associated with different HARQ-ACK codebooks or when Type-2 codebook is configured: 3 companies (OPPO, Nokia, Sony)

In the subsequent sections, some proposals for discussion are listed. 

1.1. The Same or Different Minimum PDSCH Processing Time Capabilities

Proposal #1: For Rel. 16 NR, the following cases are supported:

· Case 1: different minimum processing timeline capabilities can be configured for PDSCHs on the same carrier. The minimum processing timeline capability for each PDSCH is indicated at the PHY layer.

· Case 2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1.
In the table below, please express your response including the reasoning for supporting/not supporting different cases. 

	Company
	Comment

	CATT
	We support case 2 for the scenario that UE has mixed traffic types of eMBB and URLLC on the same carrier and UE is with certain mobility requiring additional DMRS for better channel estimation for eMBB PDSCH (long PDSCH). 

However, the motivation/benefit of case 1 in terms of UE power saving is not clear to us. In addition, it is not clear how to associate each PDSCH with a processing timeline capability. 

So we support case 2 only.

	HW/HiSi
	We support Case 2. Case 1 would require further study, currently we do not see a clear technical justification to introduce 2 configurable processing times.

Motivation:

The potential benefits of two processing time capabilities have been discussed during the recent meetings. Two motivations were given: 

1. eMBB/URLLC multiplexing in a high speed scenario, where eMBB-PDSCHs would have an additional DMRS to improve the channel estimation performance

2. Power saving. If the eMBB-PDSCHs could follow a slower processing time-line, there is some room to reduce the power consumption

According to our assessment, the first motivation is justified, whereas if any power saving gains can be achieved is unclear. Even if it would be possible to save some power, no estimates have been provided so far. One thought that has been brought up is that the clock rate could be reduced. However, it has not been shown that a clock rate reduction is possible, and if it would be, how much power could be saved is unanswered. Even if a reduced clock rate could reduce the peak power dissipation, how much it would reduce the average power is unclear (because at a lower clock rate, the chipset would need to operate for a longer time).

	Sony
	It isn’t clear whether the proposal is suggesting whether Out-of-Order HARQ is only supported only for UE supporting two processing timeline in the same carrier or whether it is also supported when a single processing timeline is used.   Perhaps we should make it clear that firstly:

Out-of-Order HARQ is supported for UE with a single processing timeline capability in the same carrier.

For Case 1, it isn’t clear why the UE needs to use a slower processing timeline for eMBB PDSCH when it is capable of using a faster processing timeline.  If any PHY layer indication of different PDSCH type is introduce, it should indicate the different traffic types instead of indicating processing capability.  

Case 2 is for fast moving UE where eMBB has 2 DMRS which cannot use capability 2.  This is a valid case and can be supported.  There isn’t any need to indicate UE processing at PHY layer.



	ZTE
	For Case 1, it is also not clear for us about the motivation of Case 1, e.g., power saving point, and the UE can use Cap2 capability to process all kinds of services if it is configured with Cap2 as in Rel-15. 
For Case 2, the only fast speed scenario identified in Rel-16 URLLC is Transport Industry which has relatively large latency budget. It means network can configure Cap1 for both eMBB and URLLC to avoid some possible dropping of eMBB or some scheduling conditions. If network wants to configure Cap2, it is not a big restriction for limiting eMBB without using additional DMRS compared to using additional DMRS while dropping eMBB due to mixed capabilities. On the other hand, anyway this case offers more scheduling flexibility to network, we don’t have a strong position here. 

In addition, if Case 2 is supported, we think the UE, which is a high-end UE supporting Cap2 processing, should be able to follow the relatively faster processing time of Cap1, i.e., the one without additional DMRS. 

	Ericsson
	First, our understanding is, Case 1 and Case 2 are not alternatives to each other. We discuss both in parallel.

For Case 1, we support the first half in principle. PDSCH processing time following different capability is already true in Rel-15 when Capability 2 is configured for the carrier. It’s not clear if/how different processing time should be configured for a carrirer. Suggest change to “different minimum processing timeline capabilities can be applied for PDSCHs on the same carrier.”
For the Case 1 second half: there is no need of special mechanism to indicate PDSCH associated with minimum processing time capability. It’s sufficient to have the combination of {priority indication, K1} for PDSCH at PHY layer.

· If UE has two pipelines (where both pipeline can have capability 2) for the carrier, priority indication is sufficient to indicate which pipeline the PDSCH belongs to.

· If UE only has one pipeline for the carrier, {priority indicator and K1} can be used to enable this case: eMBB K1 is slower enough that the eMBB PDSCH is processed (i.e., not dropped) when allowing URLLC PDSCH out-of-order processing.
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For Case 2, we support in principle. In our view, Case 2 description needs to be further clarified:

· In terms of RRC configuration, Capability 2 is allowed when: dmrs-AdditionalPosition ≠ pos0 in DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB or if the higher layer parameter dmrs-AdditionalPosition is not configured   

· Add: “A PDSCH without additional DMRS follows the minimum PDSCH processing time Capability #2 if configured.”

	DOCOMO
	For case 1, it is not necessary to configure slower processing capability #1 with eMBB when UE can be configured with faster processing capability #2.

For case 2, we support this case for Rel-16. This is beneficial when UE has eMBB with high mobility and URLLC traffic, and is configured with capability #2 at the same time.
Besides, we would like to second Sony’s comment to make an agreement on Out-of-Order HARQ when a single processing timeline capability is configured in the same carrier. This enhancement has neither big impacts on implementation and nor specification complexity, but it removes the scheduling restrictions which is very important for URLLC. Considering the limited WI time, it should be agreed to make some progress.

	Samsung
	Before discussing cases under the proposal, the title of this section is “The Same or Different Minimum PDSCH Processing Time Capabilities”. As Sony mentioned, despite the discussions and status in RAN1, this email discussion ignores that and fails to capture proposals and cases for same UE processing capability for OoO scheduling. We strongly prefer to support same UE processing capability for OoO HARQ scheduling. 

For case 1, we have similar view with ZTE, HW/HiSi, Sony and CATT because there is no benefit to have different processing time capabilities per serving cell – the opposite is actually true at least from an implementation perspective. Even if there may be some UE power saving gain, there are no agreed relevant observations for how much a UE can save power from such procedure and, even if any power saving gain exists, e it would be marginal compared to total power consumption including other aspects such as PDCCH monitoring or DRX. 

For case 2, the main use case is to allow scheduling of eMBB and URLLC data for a fast moving UE as discussed in RAN1#98. However, it is noted that latency requirement for transport industry is 3ms as agreed simulation assumptions in the SID phase. We do not think that factory automation and/or power distribution need to consider high speed scenarios. So, latency budget is not less than 1ms. The Rel-15 framework (that is, cap. 1 processing) works fine without any need to support case 2.

	III
	No matter case 1 or case 2 is supported, the consequence is the same, i.e., mixed processing time capability is applied on the same carrier. If the benefit of power consumption is not clear at this moment, we should reserve the flexibility for gNB to determine whether configuring different minimum processing timeline capabilities on the same carrier as per hardware preference in terms of power consumption.

Some companies mention that mixed traffic with capability 2 actually reserve more power than mixed capability, because at a lower clock rate, the chipset would need to operate for a longer time. If this is the case, then in case 2, gNB need to consider the tradeoffs between power consumption and measurement accuracy. If power consumption is dominant, then additional DMRS should be avoided to keep higher clock rate. 

In summary, we think both cases shouldn’t be preclude. It is up to gNB’s to decide whether same or different capabilities being configured on the same carrier. Same situation as in case 2, gNB need to decide if additional DMRS is adopted as a consequence of mixed processing time capability, which would possibly result in more power consumption at UE.

	Nokia, NSB
	This proposal focuses on the cases with different processing capabilities only. We should first agree on the support of OoO HARQ-ACK for PDSCHs with the same processing timeline capability, in which case the UE should be able to decode both PDSCHs.
Additionally, the following aspects should be considered:

1. Putting aside the power saving motivation, there is only Case 2 that could introduce pipelining issue for the support of OoO (which can be considered as a corner case). Other than that, there is no pipelining issue for the other cases with the same processing capability and OoO can already be supported. Therefore, in order to accomplish the task in WID, we can agree to support OoO for the case of the same processing capability first, and then working out on the solution for Case 2 only.

2. It is not necessary to have Case 1 in order to support OoO HARQ-ACK.

3. On top of the technical discussion, one important factor that we should take into account is time limitation to complete this (OoO) feature in this release. In that respect, supporting only case 2 should be enough for now.

	Qualcomm
	For supporting the mixed minimum PDSCH processing capabilities, the following aspects should be considered:

· For efficient multiplexing of eMBB and URLLC, the out-of-order operation is useful. However, this is mainly true when eMBB and URLLC have distinct latency requirements and should follow different processing timelines. Otherwise, similar to Rel. 15, the scheduling of eMBB and URLLC can be kept in order. 

· In our view, for scheduling PDSCHs of different priorities, the gNB will follow different timings itself. Just as one example, eMBB scheduling might be performed on a per-slot manner, while the URLLC scheduling might be performed with a finer granularity. Hence, there is no reason for the network to request the HARQ-ACK for eMBB to be compatible with minimum processing timing #2. As a consequence, the UE processing can be adapted to the traffic need, i.e., the eMBB PDSCHs can be processed slower, while only the more urgent PDSCHs are processed faster. By adapting the UE’s processing with the traffic requirement, UE’s processing can be more power efficient. Hence, even if the UE is capable of supporting capability #2, it is not the best approach to enforce the UE to process all PDSCHs, regardless of the requirement for the data they carry, equally fast. This will require a UE to increase its voltage to be able to increase its clock rate.
It should be emphasized that Case 2 is a subset of Case 1; While supporting Case 2 brings performance benefit in high-speed scenarios, supporting this case alone limits the benefits of mixing different processing timing capabilities.

Further, Case 1 and Case 2 can be compared in terms of (1) UE implementation complexity and (2) indication of processing time for each PDSCH. 

Regarding (1), both approaches are the same. Either a UE is able to process two PDSCHs that follow different timelines without dropping, or it would need to drop the low priority one under some conditions. Both solutions are applicable to both cases. Needless to say, the same solutions are applicable to handling PDSCH collision even when the minimum processing times of the high and low priority PDSCHs are the same. Hence, in terms of UE implementation complexity, all these cases are exactly similar.    

Regarding (2), we first should note that once different minimum processing capabilities are mixed on the same carrier, regardless of whether it is under Case 1 or Case 2 of proposal #1, the UE needs to be able to prioritize the BDs that may schedule a PDSCH with a faster processing time. This is similar to the search space sharing concept and is explained in R1-1909264. To enable the UE to know which BDs should be prioritized, one of the approaches can be used: (1) Different DCI sizes are used for scheduling the high priority PDSCH with capability #2 and low priority PDSCH with capability #1 or (2) Different CORESETs are used for scheduling the high priority PDSCH with capability timing #2 and low priority PDSCH with capability #1. Please note that the length of the allocation cannot be used to indicate the minimum processing timeline under Case 2 since it is only known after decoding the PDCCH, i.e., it does not help the UE to determine which BDs should be prioritized. 

Now, one remaining question is that how the UE should know which PDSCH is associated with which minimum processing timeline. One way to do this is the following: an RRC configuration parameter can be defined to indicate that on a given cell, different minimum processing timelines are allowed. Once this is done, as also mentioned by Ericsson, a PHY layer indication can also be used to indicate the minimum processing timeline. As an example, DCI size x could indicate the minimum processing timeline capability #1 and DCI size y != x can indicate the minimum processing timeline capability #2.
Based on the explanations above, we think both Case 1 and Case 2 should be supported. In addition, although we think that the gains of out-of-order operation on a carrier with a single processing timeline are negligible at best, it can further be discussed. 

	LGE
	First of all, we think that Case 2 should be supported. Otherwise, there could be scheduling restriction for a UE with stringent latency requirement (which requires cap#2) and high-speed scenario (which demands additional DMRS). If Case 2 is supported, more important aspect is to clarify that out-of-order HARQ-ACK operation is supported under Case 2. 

Regarding Case 1, the argument is what the benefit from supporting it is. In terms of solution, we think that both Case 1 and Case 2 can be handled by the unified solution since both Case 1 and Case 2 are about mixed capability on the same carrier. Thus we are fine to support also Case 1 even though we do not have strong preference. But at the same time, given the time unit for this WI as Nokia pointed out, we are also fine that Case 1 can be further discussed later (e.g., in Rel-17) for finalizing this WI successfully. 
In addition, once Case 1, Case 2 or both are supported, it is much simpler and easier to support out-of-order HARQ-ACK operation with a single processing time capability in the same carrier (since there is no pipelining issue), which was not allowed in rel-15. 

In this sense, it would be more productive if we can go with the following updated proposal:
Proposal #1: For Rel. 16 NR, the following cases are supported:

· Case 0: out-of-order HARQ-ACK operation is supported with a single processing time capability in the same carrier.
· [Case 1: different minimum processing timeline capabilities can be configured for PDSCHs on the same carrier. The minimum processing timeline capability for each PDSCH is indicated at the PHY layer. Out-of-order HARQ-ACK operation is supported when different minimum processing timeline capabilities are configured for PDSCHs on the same carrier.]
· Case 2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1. Out-of-order HARQ-ACK operation is supported when additional DMRS and PDSCH processing time capability #2 are configured simultaneously on the same carrier.


	vivo
	Case 1 and Case 2 has similarity in that both allow mixed PDSCHs with different processing capabilities by dynamic gNB scheduling.  In addition, we agree with the comment from Ericsson that Case 1 and case 2 are not mutually exclusive. 

Case 2 is mainly for the scenario of eMBB/URLLC mixed traffic UEs with high speed scenario, thus has limited use case. However, if mixed PDSCHs with different processing capability are to be supported, it could be OK to support case 2. 
Case 1 is to use different processing capability for PDSCHs associated with different services, i.e. eMBB and URLLC. The idea is to allow UE to process eMBB PDSCH slower (using processing capability#1) than the URLLC PDSCH (using processing capability#2), such that UE is not mandated to process eMBB PDSCH with processing capability#2 unnecessarily therefore UE power saving can be achieved. Adapting UE processing timeline has been studied in UE power saving SI in various aspects (including K0, K1, K2, PDCCH processing reduction) and was considered beneficial in general. Therefore, case 1 is beneficial. In addition, case 1 clearly has much wider use cases than case 2. 

Overall, considering the technical similarity and much wider use case, we support case 1. Case 2 can be supported in addition if there is strong desire to optimize high speed scenario for UEs with mixed eMBB & URLLC traffics. 

	OPPO
	On the support of OoO HARQ-ACK for PDSCHs with the same processing timeline capability, we have similar view with Sony, Samsung and Nokia. We should firstly agree the case of same processing timeline capability, in which UE is able to decode both PDSCHs.
On Case 1 and Case 2, there is no significantly difference in UE implementation, and Case 1 provides flexibility and power saving, so we slightly prefer to Case 1.

· UE implementation: No matter Case 1 or Case 2 is supported, different minimum processing timeline capabilities should be applied for PDSCHs on the same carrier. So there is no significantly difference in UE implementation complexity for both Case 1 and Case 2.  

· Scenario: The scenario in Case 2 is one typical scenario for different processing timeline capability and the scenario in Case 2 could be supported by Case1 and Case2. In addition, Case 1 is benefit for power saving. 
· Configuration flexibility: Both Case 1 and Case 2 depend on gNB configuration. Although Case 2 defines rules based on additional DMRS, however additional DMRS is configurable by gNB dynamically, so Case 2 is an implicit configuration. Case 1 is an explicit configuration by physical indicator and it is more flexible.

	Panasonic
	First, we agree with several companies above that out-of-order operation should be supported at least for UE with a single processing timeline capability in the same carrier.
On different minimum PDSCH processing time capabilities, it looks the proposal#1 is just to exclude “not to allow for different minimum DL processing timeline capabilities to coexist the same carrier”. In our view, to support different minimum PDSCH processing time capabilities can multiplex eMBB and URLLC on the same serving cell efficiently, assuming that the PDSCH processing capability 1 is configured for eMBB and PDSCH processing capability 2 is configured for URLLC. On the other hand, to configured PDSCH processing capability 2 for both eMBB and URLLC could work in case of intra-UE multiplexing even thought it might have potential operating restriction for eMBB, such as no additional DMRS is used. Given the amount of the available standardization time, “Not to allow for different minimum DL processing timeline capabilities to coexist on the same carrier” could be one option. On the other hand, regardless of same or different minimum PDSCH processing time capabilities, UE capability/mechanism to handle lower priority PDSCH should be specified in the case of overlapping PDSCHs. Therefore, assuming the unified solutions is taken for overlapping and non-overlapping PDSCHs scenarios, we are also OK to support different minimum DL processing timeline capabilities to coexist on the same carrier. On cases in Proposal#1, we think that Case 2 is more reasonable.

	Sharp
	We support Case 2.

Case 1 and Case 2 yield only two scheduling difference as below:
Difference 1: For a UE not configured with additional DMRS on a carrier, Case 1 has a flexibility on selecting PDSCH processing time capability #1 or #2 for eMBB PDSCH, while Case 2 can be interpreted as a Rel-15 behavior that if PDSCH processing time capability #2 is enabled, the capability #2 is applied to the PDSCH regardless of whether it is the eMBB and URLLC on the carrier.
Difference 2: For a high-mobility UE configured with additional DMRS on a carrier, Case 1 can  indicate an eMBB PDSCH with its duration less than (or equal to) 7 symbols with capability #1 or #2, while Case 2 only schedule the eMBB PDSCH with capability #2.
According to the difference 1 and 2,  Case 1 would indicate above-mentioned eMBB PDSCHs with capability #1, while Case 2 just applies the capability #2 for these eMBB PDSCHs. Then Case 1 would encounter a pipeline issue if the above-mentioned eMBB PDSCHs are indicated with capability #1 and is followed by a subsequent URLLC PDSCH with capability #2. Although it involves to whether the UE supports the capability A and/or B in below proposal #2, there is still a possibility for some UEs supporting capability B that the eMBB PDSCH may be dropped under some scheduling conditions. In this case, is it necessary to drop the eMBB PDSCH or allow UE to turn back to use capability #2 for the eMBB PDSCH which was originally indicated with capability #1. On the other hand, Case 2 would not have the issue given that a single capability #2 is applied in above case and both eMBB and PDSCH can be processed. Therefore, although Case 1 may have some power saving gain, Case 1 would require more specification effort. 

	InterDigital
	We support both Case 1 and Case 2. For Case 1, similar to Ericsson it is unclear to us if PHY indication on top of priority and K1 is required.

	MediaTek
	Quick reminder that among the main objectives of this WI is the support of out-of-order HARQ-ACK and out-of-order PUSCH scheduling as provided in the WID: 

· Specification of enhancements to scheduling/HARQ [RAN1]

· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process IDs

· Out-of-order PUSCH scheduling associated with different HARQ process IDs, including overlapping PUSCHs and non-overlapping PUSCHs in time-domain

· Methods to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments 

The discussion keeps deviating towards the introduction of two processing time capabilities on the same carrier. 

It is important to highlight that OOO HARQ-ACK and mixed processing capabilities at the UE are two separate issues, as explained in the following:
1) From operation perspective: OOO HARQ-ACK doesn’t require the support of mixed minimum processing timeline capabilities at the UE. The OOO HARQ-ACK is mainly needed to allow the network to operate the eMBB traffic in a spectrally-efficient way by building codebooks for the HARQ feedback while allowing fast HARQ feedback for URLLC traffic. Otherwise, the eMBB HARQ feedback will have to be as frequent/fast as the URLLC one, which is not efficient from network operation perspective.

2) From UE implementation perspective: Supporting OOO HARQ-ACK by itself doesn’t create any processing pipelining issues at the UE [R1-1907925]. On the other hand, supporting mixed minimum processing timeline capabilities at the UE introduces additional complexity and some pipelining issues [R1-1907925]. This was clear from Rel-15, where the UE is allowed to skip decoding a number of PDSCHs with last symbol within 10 symbols before the start of a PDSCH that is scheduled to follow Cap#2, if any of those PDSCHs are scheduled following Cap#1 processing time.

Please note that any pipelining issues coming from introducing mixed processing capabilities at the UE are not related to the HARQ feedback order (in-order or OOO HARQ).

3) From solutions/conditions perspective: Given that supporting OOO HARQ-ACK doesn’t create any processing pipelining, there is no need to impose scheduling conditions to adopt the feature. On the other hand, supporting mixed minimum processing timeline capabilities at the UE will require imposing some scheduling conditions (e.g. something similar to Cap#2 in 30KHz with #RBs more than 136). Again, these condition/solutions will be applied for the mixed processing capabilities regardless of the HARQ feedback order (in-order or OOO HARQ).

RAN1 could agree on supporting OOO HARQ without any additional condition, and in the future if the mixed processing timeline capabilities feature is to be discussed/supported it will not be impacted by any agreement made on the OOO HARQ.

Regarding the motivation of supporting Case#1, it has been argued that it introduces power saving to the UE by processing with longer time some of the packets. We have the following points on this;

1) We don’t see the benefit in terms of power saving and if there is any benefit a proper evaluation should have been done to assess the potential gain. There was no evaluation/discussion during the SI phase regarding the possible power saving by introducing the mixed processing capabilities at the UE. Supporting such feature should be justified with tangible gains in terms of power saving.

2) Part of the feature for Case#1, the minimum processing timeline capability for each PDSCH will be indicated at the PHY layer. It is not clear to us what advantage such indication could bring to the UE compared to the existing information in the scheduling DCI. For example, if the gap between the PDSCH and the PUCCH indicated in K1 is equal or larger than Cap#1, the UE will know that this can be processed with Cap#1. Similarly, if the gap between the PDSCH and the PUCCH indicated in K1 is smaller than Cap#1 (and equal or larger than cap#2), the UE will know that this should be processed with Cap#2. In other words, if there is really power saving can be gained by switching between the processing capabilities, the UE should be able be to implement it in a transparent way based on the information in the scheduling DCI. 

3) We have concerns regarding the impact of Case#1 on the flexibility for scheduling UL URLLC data. If NW indicates to the UE that the feedback for a PDSCH will follow processing timeline Cap#1, it will restrict the scheduling of any urgent UL data that collide with this HARQ feedback. 

4) Power saving by introducing mixed processing capabilities is another topic and is not the focus of this WI. If there is any gains to the UE by adapting the processing’s “speed” (i.e. switching between Cap#1 and Cap#2), then why we would restrict such adaptation to two values: Cap#1 and Cap#2. The processing adaptation could be extended beyond Cap#1 and Cap#2, for example, by having more relaxed minimum processing times to achieve more power saving. Such scheme should be evaluated and specified in the power saving WI. More detailed solutions that go beyond switching between Cap#1 and Cap#2 could also be considered in the power saving WI.

Regarding case 2, it is relevant for mobility use cases. However, as highlighted by ZTE and Samsung, the only mobility scenario identified in Rel-16 URLLC is Transport industry where the latency requirement is relaxed (3ms) and the Rel-15 framework could be maintained for this use case.

Based on the explanation provided above, out-of-order HARQ-ACK and mixed capability are two totally different topics. Any solution or condition required to support mixed capabilities is independent of the order of the HARQ-ACK feedback.  Both case 1 and case 2 shouldn’t be discussed at this stage, and the effort should be dedicated to support out-of-order operation. 

As highlighted by many companies we need first to focus on the support of out-of-order HARQ-ACK.

Therefore, we propose to support out-of-order  HARQ-ACK with solution 2 : 

Solution 2: The UE processes both the first and second PDSCHs as a UE capability with no condition.

	Motorola Mobility, Lenovo
	Case 2 is supported in Rel-16 for a UE to handle mixed traffics. 

For case 1, different minimum processing times can be applied to different PDSCHs in a given cell. However, the applicable minimum processing time can be determined implicitly, e.g. based on RB allocation or PHY-level priority indication (if supported).  

	Intel

	First of all, we share the understanding and views as expressed by MediaTek.

For Case 1, potential UE power consumption reduction has been mentioned as the only motivation so far. Towards this, there has been no study/analyses conducted while the impact is significant if this feature is to be introduced at this late and critical stage of the WI. The studies on scheduling offsets and micro-sleep-based power saving schemes, conducted as part of UE power savings SI, are not sufficient in establishing the gains from support of Case 1, and in our understanding, adaptation of UE minimum processing times was only listed as one of the items for further study during the PS SI, without much discussion/decision on possible mechanisms, their trade-offset, assumptions on UE operation, etc. 
For instance, questions include, but not limited to: how much power saving can be achieved for a UE supporting Cap #2 on a serving cell with dynamic switch to Cap #1-specific processing; assumption on UE architecture to realize such power savings; if dynamic switching between Cap #1 and Cap #2 on a scheduling instance-level is the only/optimal adaptation mechanism, the impact from PDCCH processing, including whether or not all PDCCH processing can be separately associated with Cap #1 vs. Cap #2 shared channel processing and the consequent impact on scheduling flexibility with such coupling between PDCCH processing and minimum UE processing times for shared channel processing. Thus, as commented by many others above, it is our view as well that Case 1 still requires further justification in terms of its necessity from the perspectives of use case and benefits.  

Case 2 offers to serve the high-mobility use case, although still quite limited, and as also pointed out by few others not very relevant to the prioritized use cases for R16 eURLLC. Specifically, Case 2 assumes a UE in high mobility with multiple service flows requiring both “short” and “long” PDSCH durations, and thereby, association to Cap #2 and Cap #1 UE processing times respectively in the same serving cell. 

It has been suggested that irrespective of Case 1 or Case 2, the UE would need to know to prioritize PDCCH processing for Cap #2 PDSCH. However, it is not clear to us as to why such information is essential for Case 2. In our understanding the UE can always process PDCCH as if associated with Cap #2, and only for “long PDSCHs”, the associated minimum UE processing time would correspond to Cap #1. This would be exactly similar to the case of a R15 UE indicating BW-limited capability of Cap #2 PDSCH processing times for 30 kHz. 

On the other hand, we see adverse impact to scheduling flexibility when associating UE processing time capabilities with DCI formats or CORESETs – such solutions being suggested to enable the UE to separate PDCCH, at least for Case 1 targeting power savings. 

Case 2 allows for simple solutions (similar in spirit to the R15 solution to handle UE pipelining impact for the case of 30 kHz for UEs indicating limited support of Cap #2 with PDSCH BW no more than 136 PRBs) relying on a dropping-based approach, wherein one or more PDSCHs associated with Cap #1 processing may be dropped in favor of processing of the PDSCH with Cap #2 to avoid adverse impact to UE pipelining. 

The adverse impact from dropping of the “Cap #1-PDSCHs” is expected to be rather limited for Case 2 since such events with simultaneous scheduling of “long PDSCHs” targeting throughput and “short PDSCHs” targeting URLLC-like latency requirements in a high mobility environment are rather atypical. Hence, a simple dropping-based solution would suffice to address Case 2. 
For Case 1, it is not clear as to if and by how much power savings may be realized if necessitating a much more elaborate solution wherein the UE is expected to process both the PDSCHs (e.g., if this mandates use resource sharing across multiple processors to handle pipelining impact vs. a possibly dropping-based approach). Further, impact to various aspects of the system design and specifications are expected to support such a feature (Case 1), including but not limited to: PDCCH configuration, need for explicit signaling of association of minimum UE processing times (not necessary for Case 2 as this association can be implicit), explicit coupling between PDCCH processing and shared channel processing (a constraint beyond R15), etc., applicable irrespective of the solution (dropping-based or for processing of both PDSCHs).
Thus, we could consider introducing Case 2 but not Case 1 in R16.

Further, on OoO HARQ-ACK, we would also like to echo previous comments suggesting that we should make progress on the support of OoO HARQ-ACK for PDSCH and OoO PUSCH scheduling for the case of same UE minimum processing times associated with all PDSCHs/PUSCHs in a serving cell. The WI objective has been defined to introduce support of OoO for PDSCH HARQ-ACK. Without further qualifiers, this implies that OoO PDSCH HARQ-ACK should at least be supported for the characterization of processing times as defined in R15 (that primarily includes cases with same processing times associated to all PDSCHs in a serving cell). This is also the scenario for which the technical view within RAN1 is quite converged and hopefully ready for arriving at an agreement. 


Summary of the views on Proposal #1:
· 8 companies (Ericsson, III, Qualcomm, LGE, vivo, InterDigital and DOCOMO) support both Case 1 and Case 2.
· 2 companies (vivo and Qualcomm) mentioned they prefer Case 1, but are fine with introducing Case 2.

· 1 company (OPPO) mentioned that they slightly prefer Case 1.

· Feature lead comment: This is interpreted as supporting both cases. If incorrect, please let me know.

· 9 companies (CATT, HW/HiSi, ZTE, Nokia/NSB, Sony, Panasonic, Sharp, Motorola and Intel) support Case 2 only.

· 1 company (ZTE) has mentioned that supporting Case 2 gives more flexibility to the network; hence, they do not have strong preference. 

· Feature lead comment: This is interpreted as supporting Case 2. If incorrect, please let me know.

· 2 companies (Samsung and MediaTek) do not support any of the two cases.

· 8 companies (Sony, ZTE, Samsung, Nokia/NSB, OPPO, Panasonic, MediaTek and Intel) proposed to introduce out-of-order HARQ operation on a carrier with a single minimum processing time capability.

· 1 company (Qualcomm) mentioned that the main use case for out-of-order operation is between channels of different processing capabilities; the gains of out-of-order operation on a carrier with a single processing timing capability is negligible at best.
Based on the views shared by the companies, it seems a proposal similar to that mentioned by LGE can be considered:
Proposal #1’: For Rel. 16 NR URLLC, the following cases are supported:

· Case 0: out-of-order HARQ-ACK operation is supported with a single processing time capability in the same carrier.
· Case 1: different minimum processing timeline capabilities can be configuredto the PDSCHs on the same carrier. Out-of-order HARQ-ACK operation is supported across PDSCHs of different minimum processing timeline capabilities.

· Case 2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1. Out-of-order HARQ-ACK operation is supported across PDSCHs of different processing timeline capabilities.
Regardless of whether Case 1, Case 2 or both are supported, the UE behavior in processing the non-overlapping PDSCHs should be defined. The next proposal aims at introducing two capabilities as follows:

Proposal #2: For Rel. 16 NR, if both minimum processing timing capability #1 and #2 are mixed on a given serving cell, then define both the following UE capabilities for handling non-overlapping PDSCHs:

· Capability A: A capability under which the UE processes all PDSCHs regardless of their associated minimum processing timeline capability.

· Capability B: A capability under which the UE only processes the PDSCH associated with minimum processing timeline capability #2, and skips decoding the PDSCH associated with the minimum processing timeline capability #1 under some scheduling conditions. 

· FFS the scheduling conditions 

Please provide your views in the table below.

	Company
	Comment

	CATT
	Fine with the proposal.

	HW/HiSi
	Case #2 in Proposal#1 is in our view the case that is technically motivated to be supported. We would like to clarify that the support of Case#2 in Proposal#1 does not preclude to have 2 processing times capabilities in the same cell. In Case #2, whether a PDSCH should follow cap#1 or cap#2 can depend on the PDSCH duration and whether additional DMRS is configured or not configured (as e.g. described in R1-1908648 by Intel) or it could be explicitly signaled.

However, the discussion should be related to OOO processing and should not only be about the same or different processing timing capabilities. An OOO-HARQ situation can occur for the same processing time capability and for different processing time capabilities. Assume for example that eMBB is following processing time cap#2 and URLLC is also following cap#2. Then, the gNB can still schedule the HARQ-A/N for eMBB with a longer delay than N1(cap#2) for system efficiency or multiplexing reasons. Then, OOO-HARQ to serve URLLC in between is reasonable to support (no channel needs to be dropped in this situation).

It is very likely that there will be UE types that only support to configure one processing time capability per cell. Also for these UEs it should be made possible to allow multiplexing of eMBB and URLLC and to allow OOO-HARQ. 

RAN1 needs therefore an agreement how to handle the OOO-HARQ in general and should not tie this discussion only to two processing time capabilities. In our view, for the same processing time capability, OOO shall be supported. For that scenario we propose that both channels shall be processed. According to the previous discussions, there seems also to be a majority view among companies to support this. RAN1 should try to agree on this firstly.    

Then, coming back to Proposal#2, there are two capabilities mentioned, both of them can be used to support case#2 of Proposal 1:

· Capability#1, i.e. to always process both channels, requires explicit traffic differentiation at PHY.  Cap#1 could be realized with a solution where some virtual carriers are pre-allocated for URLLC. Then, both eMBB and URLLC channels can always be processed on their corresponding virtual carriers. But the eMBB peak-rate would be suffering from that, because when URLLC traffic is absent, the idle resources (i.e. the ideal virtual carriers) cannot be utilized for eMBB. Additionally, it is always required that the UE can support at least 2 virtual carriers. 

· Capability#2, i.e. to process both channels under some conditions and to drop otherwise, does not require traffic type differentiation at PHY. This solution can also be used when there is only one carrier supported. Also, in case of absent URLLC traffic all resources in the UE can be utilized for eMBB and the eMBB peak rate is not suffering. A drawback of this approach would be a slightly larger required processing time when the PDSCH1 has to be dropped. This results into an extension of the minimum time to prepare the HARQ-A/N for the PDSCH2.

Hence, from the system performance point of view, both proposed capabilities have their pros and cons.
We support UE capability#2 in Proposal#2 for Case#2 from Proposal#1. It is a natural extension of the support of the same processing time capability. For mixed processing time capabilities, if scheduling conditions are met, both channels can be processed otherwise the first channel is dropped. We propose to use the time gap between the end of the first PDSCH following processing time cap#1 and the start of the second PDSCH following cap#2 as scheduling condition. In case that the PDSCH1 is dropped, the minimum HARQ-A/N feedback delay for PDSCH2 is extended from “N1(cap2)” to “N1(cap#2)+d” symbols. 

Additionally, capability#1 of Proposal#2 could be further discussed to also be supported. It is noted that this approach requires traffic type differentiation. However, traffic type differentiation doesn’t need to be done only for the processing time capability. It is already very likely that PDSCH traffic type differentiation is introduced at PHY to support the construction of two code-books. If agreed there, then the same method could be discussed to be applied for OOO-HARQ as an additional capability. 

	Sony
	This seemed to be a followed up proposal assuming Case 1 is agreed, e.g. the way Capability #2 is written assumes that Case 1 is supported.  If the proposal is independent of Case 1 and Case 2 then it should not have reference where the PDSCH is associated with processing timeline capability.

	ZTE
	We share with Huawei that we should first try to support the following case in which the UE should be able to process both channels: 

· The same DL processing time is configured on the same serving cell and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.

As pointed by Sony, it seems Proposal 2 is written by assuming Case 1 in Proposal 1 is supported. If only Case 2 is supported, we should replace capability #1 and #2 to different processing times. 

	Ericsson
	First, to differentiate from existing “Capability 1” and  “Capability 2”, we suggest re-name the capabilities in Proposal 2 to  “Capability A” and  “Capability B”.

While we strongly prefer Capability #A UE, we are OK that both types of UE capabilities are allowed. We understand this means that a new UE capability reporting will be introduced to cover Capability #A vs #B. 

For Capability #B above, it should be ensured that Rel-15 cases are covered at a minimum, when two non-overlapping PDSCH can be both processed without violating UE pipeline requirement, and the only enhancement is out-of-order HARQ transmission via, e.g., PUCCH.
For Capability #B: see our comment on Proposal 1, i.e., there is no need of special mechanism to indicate PDSCH association with minimum processing time capability. Capability #B description should be revised to:

A capability under which the UE only processes the PDSCH associated with higher priority, and skips decoding the PDSCH associated with lower priority under some scheduling conditions.

	DOCOMO
	In our understanding, this proposal is applicable for both case 1 and case 2 in Proposal 1. In that case, we are fine with this proposal. 

	Samsung
	As Sony pointed out, this proposal seems to implicitly assume case 1 from proposal 1. No need for further discussion at this moment. As we do not support case 1 from proposal 1, we do not support proposal 2.

	III
	We think Capability 1 and Capability 2 is independent of case 1 or case 2, i.e., both applicable for mixed processing timeline in case 1 and case 2. These two capabilities actually related to Solution 3 and Solution 4-2 respectively under out-of-order discussion. We are fine with this proposal for possible compromising.

	Nokia, NSB
	Firstly, as discussed in our comment to the proposal 1, the main motivation and focus here should be on the support of OoO HARQ-ACK as described in the WID, not on different processing capabilities. Therefore, the main paragraph of the proposal could be reformulated to approach the problem from OoO point of view (e.g., use something like “the following capabilities are defined to support OoO HARQ-ACK for non-overlapping PDSCHs”, and remove “if both minimum processing timing capability #1 and #2 are mixed on a given serving cell”). The proposal should be extended to also cover the case with the same processing time capability as in our comment on proposal 1. The solutions/capabilities for OoO then automatically solve the pipelining issue for the in-order case.
Secondly, even though we are generally fine with the principle of the proposal for handling the case with different processing time capabilities, it is not clear how these two capabilities are connected to the 4 solutions that were identified/agreed earlier, i.e., which solution(s) is/are associated with each capability. It would be good to have some clarity to make real progress. For example, if the UE reports capability #1 only, whether Solution 2, 3 or both should be applied here? If the UE reports capability #2 only, does it mean Solution 4-2 is applied? If the UE reports both capabilities, can the gNB configure a part of the #CCs with Solution 3 and part of the #CCs with Solution 4-2?

	Qualcomm
	In our view, Capability #1 should be supported so that the UE can process all PDSCHs. However, to allow for implementation of different types of UEs, we are also fine to define both capabilities. Hence, in our view, this proposal is agreeable. In each band of band combination, the UE can report Capability #1, Capability #2, both or none.

	LGE
	Fine with this proposal. 

	vivo
	It is also our understanding that proposal 2 is applicable to both case 1 and case 2 as mentioned in proposal 1. We agree that both capability #A and capability #B UEs can be supported. However, in current proposal the capability #A is kind of super UE which can decode both PDSCHs without any restriction. To consider a more practical UE implementation, we think some conditions should also be defined for UEs with capability #A and if the condition is not met, the UE perform the same behavior as capability #B. Propose to revise the proposal as the following. 
Proposal #2: For Rel. 16 NR, if both minimum processing timing capability #1 and #2 are mixed on a given serving cell, then define both the following UE capabilities for handling non-overlapping PDSCHs:

· Capability A: A capability under which the UE processes all PDSCHs regardless of their associated minimum processing timeline capability.
· FFS the conditions and if the condition is not met, UE performs the same behavior as capability #B below
· Capability B: A capability under which the UE only processes the PDSCH associated with minimum processing timeline capability #2, and skips decoding the PDSCH associated with the minimum processing timeline capability #1 under some scheduling conditions. 

· FFS the scheduling conditions 

	OPPO
	We have similar view as vivo and update Proposal #2 as following:

Proposal #2: For Rel. 16 NR, if both minimum processing timing capability #1 and #2 are mixed on a given serving cell, then define both the following UE capabilities for handling non-overlapping PDSCHs:

· Capability A: A capability under which the UE processes all PDSCHs regardless of their associated minimum processing timeline capability.
· FFS the scheduling conditions and if the scheduling condition is not met, UE performs the same behavior as capability #B below
· Capability B: A capability under which the UE only processes the PDSCH associated with minimum processing timeline capability #2, and skips decoding the PDSCH associated with the minimum processing timeline capability #1 under some scheduling conditions. 

FFS the scheduling conditions
We are fine with updated Capability A with scheduling conditions.
On scheduling conditions on Capability A, as shown in the following figure, if the gap between PDSCH 1 (PDSCH with the minimum processing timeline capability #1) and PUCCH 1 is large enough to process PDSCH 1 and PDSCH 2 in sequence, then both PDSCH could be decoded without skipping and it benefits for system efficiency. There are two solutions to process PDSCH 1 and PDSCH 2 in sequence:

Solution1: Decoding for PDSCH 1 could be suspended by PDSCH 2 and then recovered after PDSCH 2 is decoded completely.

Solution2: Decoding for PDSCH 1 could be stopped by PDSCH 2 and then restarted after PDSCH 2 is decoded completely.

Solution 1 has significantly impact on UE implementation and should be avoided. Solution 2 may require additional storage and slightly impact on UE implementation. So we prefer Solution 2.

To support Solution 2, timeline conditions on PDSCH 1 needs further restricted. As shown in the following figure, if either Gap 1 or Gap 2 is not smaller than the minimum processing timeline capability #1, then both non-overlapped PDSCH can be decoded. Considering switching between Capability#1 and Capability #2, switching time can be added in the minimum processing timeline capability #1. In other words, if either Gap 1 or Gap 2 is not smaller than the minimum processing timeline capability #1 plus switching time, then both non-overlapped PDSCH can be decoded. 
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	Panasonic
	Fine with this proposal. We agree with Huawei that using CA capability (virtual carrier), both of any condition is possible. For Capability B, our view of the “some scheduling conditions” is up to UE choice (i.e., up to UE implementation).

	Sharp
	Fine with the proposal. 

	InterDigital
	Fine with the proposal.

	MediaTek
	This proposal is made assuming one of Case 1 or Case 2 of Proposal 1 is adopted which we still think is a deviation from the objective of this WI. We object this proposal.

	Motorola Mobility, Lenovo
	If a UE cannot process both the lower and higher priority PDSCHs simultaneously, we think that the UE can skip or delay decoding the lower priority PDSCH based on network indication. Thus, we propose the following modified UE capabilities:

Proposal #2: For Rel. 16 NR, if both minimum processing timing capability #1 and #2 can be applied on a given serving cell, then define the following UE capabilities for handling non-overlapping PDSCHs:

· Capability A: A capability that the UE processes all PDSCHs regardless of their associated priorities.

· Capability B: A capability that the UE only processes the higher priority PDSCH and skips decoding the lower priority PDSCH under some scheduling conditions and that the UE delays decoding the lower priority PDSCH and processes the higher priority PDSCH first under other scheduling conditions. 

· FFS the scheduling conditions/network indication for skipping and delaying

	Intel

	We share somewhat similar views as expressed by Nokia, HW regarding the formulation of the proposal and the focus on OoO operation. 
Also, it would be difficult to converge on possible UE capability definitions for a very generic version of the scenario (“mixing of UE minimum processing times”) as the considerations can be quite different in terms of the applicable solution space depending on the exact scenario under consideration (e.g., Case 2 vs. Case 1). Further, we should rather focus on the possible solutions first, before getting into the definition of UE capabilities (e.g., what actually would need to be specified beyond the Capability A to allow a UE to support Capability A, etc.). Such an approach would provide a clearer picture of the technical solutions and core spec work necessary, with UE capability options naturally following.

We have concerns on agreeing to introducing Capability A (“Capability 1”) without further elaboration of necessity for the two cases in Proposal 1. We first need to understand the technical solution options to support the feature, especially for a capability that requires significant efforts in terms of UE complexity. As described in our response to Proposal 1, for Case 2, in our view Capability B is sufficient to address typical use cases, and we don’t see the need to introduce support for Case 1 in R16, especially considering the very late stage in the WI.  


Summary of the views on Proposal #2:
· 9 companies (CATT, HW/HiSi, DOCOMO, III, Qualcomm, LGE, Panasonic, Sharp and InterDigital) agree with the proposal.
· 1 company (HW/HiSi) mentioned that their preference is to introduce capability B, but capability A can be considered.

· Feature lead comment: This is interpreted as supporting both capabilities. If incorrect, please let me know.
· 1 company (Qualcomm) mentioned their preference is to introduce capability A, but could consider supporting capability B too.
· 4 companies (Ericsson, vivo, OPPO and Motorola) support both capability A and B, but suggested some modifications as below:

· Ericsson proposed to replace the timing capability #1 and #2 by low priority and high priority, respectively.

· Feature lead comment: If the timing capabilities are the same, there is no reason for dropping any PDSCH under Capability B. Hence, even if we introduce a priority indication, in the context of mixing the processing timing capabilities on the same carrier, it seems to be clear that the one with a faster timeline has a higher priority. A relevant question here is how the processing timeline should be indicated to a UE. If it is fine, we can discuss it separately as a next step.

· vivo and OPPO proposed to introduce a scheduling conditions under Capability A, and suggested that if the scheduling conditions are not satisfied, the UE should follow Capability B. 

· Feature lead comment: A UE will report whether it support capability A, B, both or none. If the configuration/scheduling is not consistent with one capability, it does not necessarily mean that the UE can by default follow a behavior based on another capability.
· Motorola suggested to formulate the proposal in terms of the priority of the PDSCHs. In addition, it is proposed to add an additional behavior, i.e., delaying the processing of PDSCH with processing timeline capability #1 under Capability B.
· Feature lead comment: Regarding the first comment, please refer to the response to Ericsson above. Regarding the second addition, OPPO has mentioned that this behavior has significant impact on the UE implementation and should not be supported. In FL opinion too, it is not clear how the UE should delay the processing of a PDSCH. For now, this is added as an FFS.
· 1 company (Nokia/NSB) mentioned that they are in general fine with introducing capabilities to handle the case, where different minimum processing timing capabilities are mixed on the same carrier; however, they ask for more clarity between previously four identified solutions and Capability A and Capability B. 
· Feature lead comment: Capability A allows for processing all PDSCHs without dropping; hence, if supported, the solution for this case is solution 3. Under Capability B, the cap#1 PDSCH is processed under some conditions, while the cap#2 PDSCH is always processed. This capability therefore can be enabled under either Solution 1, Solution 4-1 or Solution 4-2. Further, in case out-of-order HARQ is allowed on a carrier with a single processing timing capability, Solution 2 is applicable. 

· 2 companies (Samsung and MediaTek) do not support any of the two capabilities defined in the proposal.
· 1 company (Intel) proposes to support only Capability B.

· 4 companies (HW/HiSi, ZTE, Ericsson and Nokia/NSB) proposed to consider the case where there is a single processing timing capability applied to a given carrier.

· 3 companies (Sony, ZTE and Samsung) mentioned that Proposal 2 is only applicable to Case 1 of Proposal 1.

· Feature lead comment: As explained earlier on the reflector, both Case 1 and Case 2 of Proposal 1 allow for mixing different minimum processing timeline capabilities on the same carrier. Hence, for each of the two cases, some solutions need to be specified. 

Given the views share by the companies, Proposal 2 can be extended/modified as follows:

Proposal #2’: For Rel. 16 NR, the following capabilities are supported:

· Capability A: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDSCHs, a capability under which the UE processes all PDSCHs without dropping.

· FFS the details of the capability signaling 

· FFS how the minimum processing time of the PDSCHs is  determined.

· Capability B: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDSCHs, a capability under which the UE processes the PDSCH associated with minimum processing timeline capability #2 and processes the PDSCH associated with the minimum processing timeline capability #1 under some scheduling conditions. 

· FFS the details of the capability signaling 

· FFS the scheduling conditions 

· If the scheduling conditions are not satisfied, the UE skips decoding the low priority PDSCH.

· FFS whether the UE can delay the processing of the low priority PDSCH.

· FFS how the minimum processing time of the PDSCHs is indicated.

· Capability C: When a single minimum processing capability is configured on a given carrier, and for the case of non-overlapping PDSCHs with out-of-order HARQ, a capability under which the UE processes all PDSCHs without dropping.

· FFS the details of the capability signaling 

1.2. Processing Both Overlapping Unicast PDSCHs
In RAN1 96b, the following agreement was reached:

Agreements:
· In case two unicast PDSCHs for a UE are overlapping, the following scenarios are identified:
· Scenario 1-1: Overlapping in the time domain and not in the frequency domain
· Scenario 1-2: Overlapping both in the time and frequency domains
One remaining issue is that whether a UE should be able to process both unicast PDSCHs or only the high priority one. The next proposal aims at introducing two capabilities: (1) for UEs that are capable of decoding both unicast PDSCHs, and (2) for UEs that can only decode the high priority PDSCH.

Proposal #3: For a UE supporting different traffic types, both of the following UE capabilities should be supported for handling the collision between two unicast PDSCHs:

· Capability A: A capability under which a UE processes both PDSCHs

· FFS the UE behavior for processing the overlapping resources in the frequency domain under Scenario 1-2 

· Capability B: A capability under which a UE processes only the high priority PDSCH, and skips decoding the low priority PDSCH.

Please provide your views in the table below.

	Company
	Comment

	CATT
	Fine with the proposal.

	HW/HiSi
	For overlapping resources, the gNB behavior should be clarified firstly to avoid misunderstandings. It is our understanding that the gNB only transmits one PDSCH on the same PRBs at a time. There is no transmission of two PDSCHs on the same resources, e.g. on different layers. Thus, in case of overlapping resources in time and frequency, the gNB is preempting the eMBB PDSCH. 

From our perspective, scheduling on overlapping resources is meaningful for URLLC, both for the same and also for different timing capabilities. This feature is therefore independent from the UE processing time capability. As example consider that a long PDSCH transmission is scheduled for eMBB and eMBB is following cap#2. Then, the PDSCH can be preempted by an urgent URLLC-PDSCH transmission. Also in this scenario it makes sense to support overlapping resources and at least the higher priority channel should be processed.   

So far, there is no agreement how to define the priority of a channel. It is important for the progress that we define how to handle the priorities of the different channels in case of overlapping resources.
We support therefore UE capability#2 from Proposal#3 for Case#2 from Proposal#1. For this approach, regardless if the overlap is only in time or in time and frequency, the low priority channel should be dropped. It has been mentioned during the off-line that dropping is not an easy task for the UE. In our view, however, if this is an issue, it can be overcome. This would be similar to Solution 4 in the OOO-discussion for Rel-16. If there really would be an issue identified that is related to the dropping of the first channel, then the minimum processing time N1 of the second cap#2 channel can be extended by “d” symbols (  “d”=[1,2] ).This is illustrated below for the case of 2 different processing time capabilities:
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We do not see an urgent need to support the processing of the low priority channel in case of overlapping resources, especially not for overlapping PRBs.

However, if in Proposal#2, capability#1 would be agreed as an additional capability, then this solution could also be applied for overlapping resources in addition to the dropping.  

	Sony
	For Capability#2, the UE should be able to process both PDSCH if sufficient time is available between PDSCH and HARQ-ACK. 

	ZTE
	Fine with the proposal. 

	Ericsson
	These capabilities for overlapping PDSCHs should be aligned with the capabilities for non-overlapping PDSCHs (proposal #2), i.e., Overlapping PDSCH Capability#A = Non-overlapping PDSCH #A. Overlapping PDSCH Capability #B = Non-overlapping PDSCH Capability #B. No need to define one set of capabilities for overlapping PDSCH, another set for non-overlapping PDSCH.
Similar to Proposal 2, while we strongly prefer Capability #A UE, we are OK that both types of UE capabilities are allowed. 

If Capability #A, then the UE may assume to receive the entire deprioritized PDSCH except the overlapping portion:
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If Capability #B, then the UE may assume that part or all of the deprioritized PDSCH is absent, for example:
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	DOCOMO
	Fine with the proposal.

	Samsung
	Agree with the proposal. In our view, for capability #2, high priority PDSCH should be the later scheduled PDSCH. Capability #2 should be generalized in the UE being able to process the later scheduled PDSCH – no need to talk about low/high priority, it is the gNB’s responsibility what to schedule.

	III
	For Capability 2, in some scheduling conditions, process of both overlapped PDSCHs is allowed under Scenario 1-2. For example, long time gap between PDSCH and HARQ-ACK as indicated by Sony. 

We also agree with Ericsson to have consistent capability of overlapped and non-overlapped cases.  Therefore, we suggest to add “under some scheduling conditions” at the end of Capability 2.

	Nokia, NSB
	The proposal looks OK to us in general. Here are a few comments:

1. We suggest removing “For a UE supporting different traffic types”, because the UE would just report the capability of whether/how it can handle overlapping PDSCHs.
2. The term “the following UE capabilities should be considered” is not clear. Is the intention that whether one or both capabilities will be specified is to be discussed and decided later?

3. We think it would be good to clarify “high priority” and “low priority”, i.e., how they are defined. In our view, it is sufficient to change the “high priority”/ “low priority” wording to “later scheduled”/“earlier scheduled” because of two reasons. First, as indicated in RAN2 LS R1-1900003 (R2-1818795), “RAN2 assumes that by the later DL assignment has priority over the earlier DL assignment, considering that in principle the gNB will only give an assignment that overlaps with previous assignment for higher priority traffic. Based on such assumption, RAN1 should study solutions for prioritizing later received DL assignments.” Second, we had an agreement in RAN1#96 for the UL that “If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, the UE drops the processing and the transmission of the first scheduled PUSCH”, thus the same principle can be reused for DL, i.e., the later scheduled one take higher priority.

	Qualcomm
	In our view, Capability #1 should be supported so that the UE can process both the high and low priority PDSCHs. However, to allow for implementation of different types of UEs, we are also fine to define both capabilities. Hence, in our view, this proposal is agreeable. 

Another aspect to consider is the support for Capability #1 under Scenario 1-2. When the gNB decides that the high priority PDSCH should be sent over the frequency resources allocated to the low priority PDSCH, it preempts its own low priority PDSCH transmission, and only transmits the high priority PDSCH. From the UE perspective, however, the timeline for processing the two PDSCHs could be different. As an example, assume over one symbol, x number of RBs are overlapping. When the UE processes these RBs for the high priority PDSCH, it might have already processed the same resources assuming they are for the low priority PDSCH. Hence, the UE cannot wait to see if some resources will be overlapping, and then set the LLRs to zero when decoding the low priority PDSCH. Therefore, the best approach is that the UE, under Capability #1 and Scenario 1-2, processes the overlapping RBs separately and independently. Assuming the gNB has already preempted the low priority PDSCH over the overlapping resources, this approach has no negative impact on the high priority PDSCH. 

	LGE
	Fine with the proposal.

	vivo
	Similar comment as for proposal 2. For the same reaon, propose the modify the proposal as the following

Proposal #3: For a UE supporting different traffic types, both of the following UE capabilities should be supported for handling the collision between two unicast PDSCHs:

· Capability A: A capability under which a UE processes both PDSCHs

· FFS the UE behavior for processing the overlapping resources in the frequency domain under Scenario 1-2 
· FFS the conditions and if the condition is not met, UE performs the same behavior as capability #B below
· Capability B: A capability under which a UE processes only the high priority PDSCH, and skips decoding the low priority PDSCH.

	OPPO
	In terms of UE processing capability, overlapped PDSCH is a special case for non-overlapped PDSCH. So it is suggested that one common solution or capability is applied for two cases, overlapped and non-overlapped PDSCH.

	Panasonic
	Fine with this proposal. Capability A is supported using CA capability. For Capability B, our view of the “some scheduling conditions” is up to UE choice (i.e., up to UE implementation).

	Sharp
	Fine with the proposal.

	InterDigital
	Agree with the proposal. We prefer to not separate capabilities between overlapping and non-overlapping, i.e. capability A or B applies to both cases.

	MediaTek
	We are fine with the proposal but with minor amendment to the Capability#B as follows: 

· Capability B under which a UE processes only the PDSCH scheduled by the latest DCI, and skips decoding the PDSCH scheduled by the earliest DCI.

	Motorola Mobility, Lenovo
	We propose the following modified capabilities:
Proposal #3: For a UE supporting different traffic types, both of the following UE capabilities should be supported for handling the collision between two unicast PDSCHs:

· Capability A: A capability that a UE processes both PDSCHs

· FFS the UE behavior for processing the overlapping resources in the frequency domain under Scenario 1-2 

· Capability B: A capability that the UE only processes the higher priority PDSCH and skips decoding the lower priority PDSCH under some scheduling conditions and that the UE delays decoding the lower priority PDSCH and processes the higher priority PDSCH first under other scheduling conditions. 

· FFS the scheduling conditions/network indication for skipping and delaying.

	Intel

	Similar views as in response to Proposal 2 on the appropriateness of jumping to UE capability definitions without knowing the technical details, especially regarding Capability A support. It is somewhat counter-intuitive to us that we are trying to agree to introduce UE capability for a behavior that is not even clearly understood/agreed within RAN1 (here, referring to the FFS sub-bullet under Capability A in Proposal 3). For instance, for scenario 1-2, different assumptions could be made regarding UE requirements for processing the first-scheduled PDSCH.  
Following the motivation of identifying the two specific scenarios under overlapped PDSCHs, the two overlapped PDSCH scenarios 1-1 and 1-2 should be considered separately instead of trying to agree to a set of UE capabilities irrespective of the scenarios. 

We do not see the need of introducing Capability A for Scenario 1-2, especially since the cost of supporting Capability A for Scenario 1-2 can be quite significant for both UE implementation and specification efforts. Processing the PDSCH that is scheduled first and is partly pre-empted will often lead to a failed decoding event unless the link adaptation is too conservative for first PDSCH and with the need that the UE re-processes the first PDSCH for the same HARQ instance. Thus, we would also have to discuss on necessary additional margins to processing times for the first PDSCH corresponding to the re-processing efforts. . Given that such cases with overlapped PDSCHs will be rather atypical as far as scheduling mechanisms are concerned, the overall gains from having the UE to process both PDSCHs would provide marginal benefits at best when contrasted against the cost and the current time-line for the WI. 

If we are to agree to a UE behavior irrespective of Scenario 1-1 or 1-2, Capability B is the only reasonable baseline in our view and support of Capability A would require further discussions and justification. Further, as commented by Nokia, instead of “high” and “low priority” PDSCHs, we should refer to them as “the latter scheduled” and “earlier scheduled” PDSCHs or “first” and “second” PDSCHs maybe. This will save us yet another iteration of discussion on how to define “high” and “low” priority. 


Summary of the views on Proposal #3:
· 12 companies (CATT, Sony, ZTE, Ericsson, DOCOMO, III (with minor modification), Qualcomm, LGE, Motorola (with an addition as summarized below), OPPO, Panasonic, Sharp and InterDigital) agree with the proposals.
· 3 companies (OPPO, InterDigital and Ericsson) mentioned their preference to adopt the same set of capabilities for the case of non-overlapping PDSCHs as well as overlapping PDSCHs.

· Feature lead comment: This, in general, sounds reasonable, but it should also be fine to discuss them separately too since some aspects of PDSCH collision, e.g., the handling of scenario 1-2, would need different considerations.

· 5 companies (vivo, Motorola, III, MTK and Nokia/NSB) agree with the proposal, but proposed some changes as follows:
· III asked to add “under some scheduling conditions” at the end of Capability B (added.)
· Vivo asked to mention that the UE follows capability B in case the conditions for supporting capability A are not met.

· Feature lead comment: It is up to the UE to report Capability A, B, both or none. Hence, if the UE reports Capability A, and the configuration is not consistent with the reporting, the UE does not necessarily follow capability B.
· Motorola asked to include the possibility of delaying processing of the low priority PDSCH under Capability B. 

· Feature lead comment: This is added as an FFS.

· MTK, Nokia/NSB proposed to define the low and high priority as the first-scheduled and second-scheduled PDSCH.
· Feature lead comment: Please see the comment below.

· 1 company (HW/HiSi) prefers Capability B, but mentioned they could be fine with introducing Capability A in case Capability A of Proposal 2 is agreed. 

· 4 companies (HW/HiSi, Nokia/NSB, MediaTek and Intel) mentioned the need for clarifying how the priorities of PDSCHs are defined. 

· Feature lead comment: The priority of the PDSCHs should be defined; however, this is somewhat related to the discussions for UCI enhancement too. In any case, the next step could be to discuss the priorities. 

· 1 company (Intel) mentioned that the capabilities should not be discussed at this stage. It is, in addition, mentioned that Capability B is the reasonable approach to handle PDSCH collision. Further, it is proposed to define the low and high priority as the first-scheduled and second-scheduled PDSCH.

· Feature lead comment: The capabilities mentioned in this proposal serve as clarifying the agreeable UE behavior in Rel. 16. Once the behaviors are clear, the additional details can be discussed. 

· 2 companies (HW/HiSi and Qualcomm) proposed to clarify that when two PDSCHs are overlapping, the gNB preempt the transmission of the low priority PDSCH.

· 1 company (Nokia/NSB) proposed to remove “For a UE supporting different traffic types” from the proposal.

· Feature lead comment: It is unclear why the PDSCHs carrying data for the same traffic should preempt each other. Further, the language used in this proposal is consistent with the agreements made for supporting different HARQ-ACK codebooks.
Based on the responses provided by the companies, we have the following proposal:

Proposal #3’: In Rel. 16 NR, the following UE capabilities should be introduced for handling the collision between two unicast PDSCHs:

· Capability A: A capability under which a UE processes both PDSCHs under Scenario 1-1
· FFS the details of the capability signaling

· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2

· FFS the details of the capability signaling

· FFS the UE behavior for processing the overlapping resources in the frequency domain under Scenario 1-2. 
· Capability C: A capability under which a UE always processes the high priority PDSCH. The UE only processes the low priority PDSCH under some scheduling conditions.
· FFS the details of the capability signaling

· FFS the scheduling conditions 

· If no scheduling conditions is identified or the scheduling conditions are not satisfied, the UE skips decoding the low priority PDSCH. 
· FFS whether the UE can delay the processing of low priority PDSCH
· FFS whether the scheduling conditions are the same or different for handling Scenario 1-1 and Scenario 1-2.

· In case the low priority channel is dropped, increasing the minimum processing procedure time (N1) of the high priority PDSCH by “d” symbols can be considered. FFS the value of “d”.
· FFS whether the overlapping PDSCHs are associated with the same or different minimum processing timelines.

· FFS how the priority of the PDSCHs is defined and indicated.

· Note: Under Scenario 1-2, the gNB preempts the transmission of the low priority PDSCH and only transmits the high priority PDSCH over the overlapping resources in the frequency domain.

1.3. Generating HARQ-ACK for Overlapping PDSCHs
Proposal #4: Confirm the following working assumption 

“When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.”

In the table below, please express your response including the conditions needed to be considered for confirming the working assumption.

	Company
	Comment

	CATT
	It is our view that the two overlapping PDSCHs are with different priorities. Then the HARQ-ACKs for the two PDSCHs are expected to be associated with different HARQ-ACK codebooks according to the agreement that HARQ-ACK codebook identification mechanism is also used to determine the priority of HARQ-ACK.

With the above understanding, we think the working assumption can be confirmed without impact on Type-1 HARQ-ACK codebook.

	HW/HiSi
	We support to confirm the working assumption. In case that the low priority channel is dropped a NACK should be sent.

	Sony
	It was pointed out that for Type 1 HARQ-ACK codebook, only ONE HARQ-ACK can be generated per PDSCH occasion.  Unless we think it is really fun and we have plenty of time to redefine Type 1 HARQ-ACK codebook, then this working assumption should NOT be applicable for a single Type 1-HARQ-ACK codebook.  If the group insists on doing this for a single Type 1 HARQ-ACK codebook then this Working Assumption should only be applicable if the two overlapping PDSCHs belong to DIFFERENT PDSCH occasions.

To make things simple, this working assumption is only applicable for the case where each of the overlapping PDSCHs uses a different HARQ-ACK codebook.  After all overlapping should occur if these two PDSCHs of different traffic type, i.e. eMBB and URLLC.  Hence we propose that:

Confirm the working assumption only when the HARQ-ACK bits are associated with different HARQ-ACK codebooks or when Type-2 codebook is configured

	ZTE
	Fine with Sony’s proposal which sounds reasonable for us. If Capability#1 in Proposal 3 is supported, the two overlapping PDSCH can be both URLLC, i.e., the HARQ-ACK codebook could be the same. But it should be limited to Type 2 codebook to avoid additional efforts on changing Rel-15 Type 1 codebook.

	Ericsson
	We support confirming the working assumption. The working assumption only describes the generation of HARQ-ACKs. Further agreements are needed on how to transmit the HARQ-ACKs.

	DOCOMO
	We support to confirm the working assumption. We assume that two overlapping PDSCHs of different traffic types are associated with different HARQ-ACK codebooks. Thus, the proposal is supportable for Type 1 HARQ-ACK codebook. In order to maintain common understanding between gNB and UE on what HARQ-ACK is reported, NACK should be transmitted for dropped PDSCH. 

	Samsung
	Agree to confirm working assumption. Whether/how type 1 codebook needs to be supported for URLLC is a separate discussion. 

	III
	We support to confirm the working assumption, i.e., no matter low priority PDSCH is dropped or not, HARQ-ACK should be reported. And we also agree with Sony’s view that some codebook restrictions should be clarified. 

Moreover, we should further discuss if this confirmation has any impact on the case of multiple SPS configurations with shorter periodicity, which would lead to more overlapped PDSCHs. In this case, feedback overhead could be an issue if HARQ-ACKs are always reported.

	Nokia, NSB
	How to enable multiple HARQ-ACK feedback for the overlapping PDSCHs in a single semi-static Type-1 HARQ-ACK codebook is not so straightforward. In this respect, we agree with the proposal from Sony that RAN1 should confirm the working assumption only when the HARQ-ACK bits are associated with different HARQ-ACK codebooks or when Type-2 codebook is configured. The UE would only generate HARQ-ACK for the later scheduled PDSCH in case both would be mapped to the same HARQ-ACK codebook with Type-1 (semi-static) HARQ-ACK codebook configuration.

	Qualcomm
	The working assumption should be confirmed. As also indicated by CATT and DCM, we think that the two PDSCHs should be associated with two different priorities. It does not make sense for the gNB to override one PDSCH by another one with the same priority. Hence, the HARQ-ACK bits of the two PDSCHs should be associated with different HARQ-ACK codebooks. (Please note that the support for multiple HARQ-ACK codebooks is agreed for a UE that supports different traffic types.) In that case, Type-2 HARQ-ACK codebook construction is straightforward. For Type-1 HARQ-ACK codebook construction, it is sufficient to consider two TDRA tables; assuming we allow for up to two priorities at the PHY layer, each table is associated with one priority. Therefore, even when the PDSCH occasions are overlapping, the UE, by checking the TDRA tables separately, exactly knows the association between the two HARQ-ACK codebooks and the PDSCH occasions. 

	LGE
	We share the view with DOCOMO and Qualcomm. If two overlapped unicast PDSCHs for a UE correspond to the same HARQ-ACK bit, type-1 HARQ-ACK codebook design should be significantly amended, which is not desirable at this late stage of WI. 
In this sense, the working assumption should be applicable only to the case where the HARQ-ACK bits for two overlapped unicast PDSCHs belong to different HARQ-ACK codebooks.  

	vivo
	We support to confirm the working assumption

	OPPO
	In our opinion, the two overlapping PDSCHs have different priorities. Then the HARQ-ACKs for the two PDSCHs are expected to be associated with different HARQ-ACK codebooks.  So there is no impact on Type-1 HARQ-ACK codebook.

With the above understanding, we confirm the working assumption.

	Panasonic
	We support to confirm working assumption. In the case of dropped processing case, NACK should be sent. Whether/how type 1 codebook needs to be supported for URLLC is a separate discussion. As far as type 2 codebook is configured is working, to design type 1 codebook for the specific scenario that two overlapped PDSCHs correspond to the same HARQ-ACK codebook is not necessary.

	Sharp
	We support to confirm the working assumption.

The working assumption is intended for the two overlapping PDSCHs associated with two different HARQ-ACK codebooks.  For respective Type-1 HARQ-ACK codebook construction, the Rel-15 mechanism that one overlapping PDSCH candidates group corresponds to one HARQ-ACK should be abided by. 

	InterDigital
	Agree to confirm the working assumption.

	MediaTek
	We are fine with confirming the working assumption, however, we agree with Sony regarding the issue for Type-1 codebook.

	Motorola Mobility, Lenovo
	We propose to confirm the working assumption. NACK is generated for a lower priority PDSCH, if decoding of the lower priority PDSCH is skipped. 

	Intel

	We have concerns on confirming the working assumption at this stage. Confirming the working assumption right now is not one of the most urgent details for this topic. We share similar thoughts as expressed by Sony and Nokia here that, if at all, the confirmation should be qualified with the condition that the HARQ-ACK feedback for the two PDSCHs are associated to two different HARQ-ACK CBs or when configured with Type 2 HARQ-ACK CB. 
We are not sure if it has to be that the two PDSCHs for all overlapping cases should be associated with different priorities. It may be so for Scenario 1-2 (overlap in both time and frequency), but even for that, it would depend on which aspects are associated with “high” and “low” priority (e.g., if w.r.t. UE min processing times, then both could still be associated with Cap #2 processing times, or even map to same HARQ-ACK CB). Further, it would certainly not be the only case for Scenario 1-1 (FDM-ed PDSCHs). Both PDSCHs could be associated with “high priority traffic”/“Cap #2 processing”/etc. Thus, in terms of HARQ-ACK CB usage, we expect the use of Type 2 HARQ-ACK CB as the more relevant configuration for such use cases. 
For the case of Type 1 HARQ-ACK CB, it should be sufficient to have the UE report feedback only for the latter-scheduled PDSCH. The gNB knows the details of the scheduled PDSCHs (and if the PDSCH occasions overlap from perspective of Type 1 HARQ-ACK CB generation), and for this case, can simply treat the first PDSCH as being “NACK-ed”. At this stage of the WI, it would not be prudent to develop an elaborate solution for this to make it work for Type 1 HARQ-ACK CB. 

Note that the entire premise of the working assumption here is rather of a “good to have” nature, especially when considering Capability B-like UE behavior. It only helps the gNB identify against missed PDCCH cases. Thus, we would propose to first converge on the UE behaviors for the different overlapping scenarios, and then see if and how the WA may be confirmed – with possible modifications/conditions, rather than confirming the WA first and then trying to figure out how to make it work or whether it may be useful in all cases/scenarios/UE behaviors.


Summary of the views on Proposal #4:
· 4 companies (CATT, SONY, Qualcomm and OPPO) mentioned that the HARQ-ACK of two overlapping PDSCHs should be associated with two different HARQ-ACK codebooks as these PDSCHs have different priorities.

· 3 companies (ZTE, Nokia/NSB and Intel) mentioned that the overlapping PDSCHs could have the same priority or associated with the same traffic type; hence, their HARQ-ACK bits may be mapped to the same HARQ-ACK codebook.

· 12 companies (CATT, HW/HiSi, Ericsson, DOCOMO, Samsung, III, Qualcomm, vivo, Panasonic, Sharp, InterDigital, and Motorola) proposed to confirm the working assumption.
· 6 companies (Sony, ZTE, III, Nokia, LGE and MTK) proposed to limit the working assumption to the case of Type-2 HARQ-ACK codebook and/or when the HARQ-ACK bits of overlapping PDSCHs are associated with different codebooks.

· 1 company (Intel) mentioned concerns with confirming the working assumption at this stage of WI. The preference is to define the UE behavior to handle PDSCH collision first. 
Based on the views shared by different companies, the following proposal can be considered:

Proposal 4’: The previous working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.” is updated as follows: 
When two unicast PDSCHs for a UE are overlapping, and in case their HARQ-ACK bits are associated with different Type-2 HARQ-ACK codebooks, the UE generates HARQ-ACK for both of the PDSCHs.
· FFS if any limitation/enhancement is needed for type-1 HARQ-ACK codebook

· FFS if both Type-1 and Type-2 codebooks are configured for a UE

· FFS if the HARQ-ACK bits of overlapping PDSCHs can be associated with the same HARQ-ACK codebook and the associated UE behavior.
2. Summary of the Email Discussion

The following two proposals were agreed:
Proposal #3’: In Rel. 16 NR, the following UE capabilities should be introduced for handling the collision between two unicast PDSCHs:

· Capability A: A capability under which a UE processes both PDSCHs under Scenario 1-1

· FFS the details of the capability signaling

· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2

· FFS the details of the capability signaling

· FFS the UE behavior for processing the overlapping resources in the frequency domain under Scenario 1-2. 

· Capability C: A capability under which a UE always processes the high priority PDSCH. The UE only processes the low priority PDSCH under some scheduling conditions.

· FFS the details of the capability signaling

· FFS the scheduling conditions 

· If no scheduling conditions is identified or the scheduling conditions are not satisfied, the UE skips decoding the low priority PDSCH. 

· FFS whether the UE can delay the processing of low priority PDSCH

· FFS whether the scheduling conditions are the same or different for handling Scenario 1-1 and Scenario 1-2.

· In case the low priority channel is dropped, increasing the minimum processing procedure time (N1) of the high priority PDSCH by “d” symbols can be considered. FFS the value of “d”.
· FFS whether the overlapping PDSCHs are associated with the same or different minimum processing timelines.

· FFS how the priority of the PDSCHs is defined and indicated.

· Note: Under Scenario 1-2, the gNB preempts the transmission of the low priority PDSCH and only transmits the high priority PDSCH over the overlapping resources in the frequency domain.

Proposal 4’: The previous working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.” is updated as follows: 
When two unicast PDSCHs for a UE are overlapping, and in case their HARQ-ACK bits are associated with different Type-2 HARQ-ACK codebooks, the UE generates HARQ-ACK for both of the PDSCHs.

· FFS if any limitation/enhancement is needed for type-1 HARQ-ACK codebook

· FFS if both Type-1 and Type-2 codebooks are configured for a UE

· FFS if the HARQ-ACK bits of overlapping PDSCHs can be associated with the same HARQ-ACK codebook and the associated UE behavior.
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