[bookmark: OLE_LINK1]3GPP TSG RAN WG1 #99	R1-1912126
Reno, USA, 18th – 22nd November, 2019
[bookmark: Source]Agenda Item:	7.2.6.2
Source: 	Fujitsu
Title: 	UCI enhancements for URLLC
Document for:	Discussion and decision
UCI enhancement
PHY identification of HARQ-ACK codebooks
PHY identification of HARQ-ACK codebooks for dynamically-scheduled PDSCH
	Agreement in RAN1 #96bis

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)



In April RAN1 meeting, four options are provided for the PHY Identification of both Type I and Type II HARQ-ACK codebooks, as shown in the above agreement [1].
For the purpose of down-selection, we have following considerations:
· Opt.1 is not preferable, since obvious standardization effort may be required. 
· If Opt.1 is adopted, it somehow implies that DCI format can be used to distinguish URLLC/eMBB service and DCI format 1_2 is mandated.
· Opt.2 is not preferable. 
· From the perspective of forward-compatibility, the number of priority levels may be much more than 2. There are a number of emerging IIoT service (e.g. surveillance camera, URLLC-based alarms/actuators, NB-IoT/eMTC-based sensors, etc.) which may be of different priority levels. Hence, if Opt.2 is adopted, a large number of scrambling RNTI may be required which is not preferable.
· Opt.3 is preferable. 
· Opt.3 is the most flexible way to distinguish different HARQ-ACK codebook among all options. For example, if priority indication field is introduced in DCI, it can be reused for identifying HARQ-ACK codebook.
· Opt.4 is not preferable. 
· Opt.4 may lead to either the total number of CORESETs may increase or the granularity of CORESET functional divisions may be too small due that too many functionalities may rely on CORESET division. 
· It was previously agreed that CORESETs can be used for distinguishing the HARQ-ACK codebooks from different TRPs. Also, the total number of CORESETs in a BWP needs to be increased accordingly (4, 5 or 6). If Opt.4 is adopted, for the case of URLLC transmission over multiple TRPs, the total number of CORESET in a BWP needs to be further increased, which is not preferable from the perspective of complexity.
If Opt.3 is adopted, a new DCI field may be introduced. However, this may not be applicable for all DL DCI formats. For non-fallback DCI format 1_1 and 1_2, there is no issue for the addition field. However, for fallback DCI format 1_0, there is common understanding that no additional field is introduced in Rel-16. In order to address this issue, the simplest way is to mandate DCI format 1_0 for eMBB scheduling only, which means that the corresponding HARQ-ACK information is by default mapped to the HARQ-ACK codebook associated with low priority level. Alternatively, a new RRC parameter can be introduce for the HARQ-ACK codebook identification for DCI format 1_0. From the flexibility point of view, the method of introducing a new RRC parameter for DCI format 1_0 is preferable.
Proposal #1: In terms of PHY identification of HARQ-ACK codebooks for dynamically-scheduled PDSCH, HARQ-ACK codebook is preferred to be identified by explicit indication in DCI (option 3) for DCI format 1_1 and 1_2.
· For DCI format 1_0, a new RRC parameter is introduced for HARQ-ACK codebook identification.

PHY identification of HARQ-ACK codebooks for SPS PDSCH
	Agreement in RAN1 #98bis
· 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

Agreement in RAN1 #98bis
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.

Agreement in RAN1 #98
· M<=4 bits indication in the Release DCI is used for indicating which CG configuration(s) is/are released, where the association between each state indicated by the indication and the CG configuration(s) is
· Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple CG configurations to be released
In case of no higher layer configured state(s), separate release is used where the release corresponds to the CG configuration index indicated by the indication
Agreement in RAN1 #98bis
Confirm the following working assumption:
	Working assumption:
Support joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell
· Reusing the joint release mechanism as that defined for UL type 2 CG





In the previous RAN1 meeting, explicit RRC indication are agreed for the PHY Identification of HARQ-ACK codebooks for SPS PDSCH and the HARQ-ACK feedback for SPS PDSCH release [2]. 
A remaining issue is the priority level for the HARQ-ACK feedback for joint SPS PDSCH release. A joint SPS release may be associated with more than one SPS configurations. However, if those SPS configurations are associated with different priority level, it is ambiguous for a UE to interpret the priority level for the corresponding HARQ-ACK information. Hence, in order to avoid the ambiguity, the simplest way is to restrict that only the SPS configurations associated with the same priority level can be mapped to a single state for joint SPS PDSCH release.
Proposal #2: UE expects that all the SPS configurations mapped to a single state are associated with the same priority level.
· The state is for the joint release of one or more than one SPS configuration(s).

Sub-slot configuration for PUCCH
	Agreement in RAN1 #98 

At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots
· FFS for other sub-slot configurations, if any.
· FFS: If a PUCCH resource across sub-slot boundary is supported.

Agreement in RAN1 #98bis
Any sub-slot PUCCH resource is not across sub-slot boundaries. 



In the previous RAN1 meeting [1], it was agreed to support the PUCCH sub-slot configurations including “2-symbol*7” and “7-symbol*2”. A few leftover issues are discuss as follows.
PUCCH resource configuration for different sub-slot
A leftover issue is whether to support different configuration for different sub-slot. In our opinion, the benefit of using different configuration for different sub-slot is uncertain. For the agreed slot configuration, the length of each sub-slot is equal. This means a single configuration is enough for each sub-slot which is similar to the slot-based configuration in Rel-15.
Proposal #3: Support at most one configuration for sub-slot based PUCCH resource, which is the same as in Rel-15 but in sub-slot level.

Other configurable sub-slot configuration
Another leftover issue is whether to support other configurable sub-slot configuration. Currently, the supported sub-slot configuration “2-symbol*7” and “7-symbol*2” is able to provide some flexibility to the selection of sub-slot based PUCCH resource. The introduction of other sub-slot configuration is a kind of enhancement and is not preferred. For example, if the sub-slot configuration with 4 sub-slots is adopted, the length of each sub-slot is not equal. This means extra specification effort is needed to handle this issue. Hence we have the following proposal.
Proposal #4: No PUCCH resource sub-slot configuration other than “2-symbol*7” and “7-symbol*2” is supported.
Intra-UE prioritization/multiplexing
Prioritization for other types of UL transmissions
	Agreement in RAN1 #98bis
For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).
· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.
· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviours.
· FFS details of processing timeline issues, e.g.
· How to handle the case where the timeline condition is not satisfied.
· Necessity of a new timeline.



In the previous RAN1 meeting, it was agreed to drop low priority UL transmission with certain (timeline) constraint and the PHY layer priority indication for CSI-RS and SR are confirmed.
One left over issue is the PHY layer priority identification of other types of UL transmissions. In the following, the PHY layer priority identification of SRS, PRACH, PUCCH-BFR is discussed, respectively.
SRS
The transmission of SRS is usually for channel measurement and is not urgent in comparison with URLLC UL transmission. Hence, it is natural to consider it as low priority UL transmission by default.
Proposal #5: SRS is considered to be low priority UL transmission by default.
PRACH
In most of the cases, the transmission of PRACH usually suggests that the PHY layer linkage of a UE is no longer reliable. In this case, URLLC transmission may not be expected. Even if it is allowed to be transmitted, it shall not block any PRACH transmission, which can help gNB to realize the unreliable PHY layer linkage. Hence, in our opinion, PRACH transmission can be considered as high priority transmission by default.
Proposal #6: PRACH is considered to be high priority UL transmission by default.
PUCCH-BFR
In MIMO section, the description of PUCCH-BFR is SR-like UL signal. Hence, the simplest way for the determination of PHY layer priority of PUCCH-BFR is to follow the indication method for SR.
Proposal #7: PHY layer priority identification of PUCCH-BFR is similar to SR, where
· The PHY layer priority is determined by an explicit indication (as a new RRC parameter).

Discussion on the issues mentioned in RAN2 LS on ‘LCP restriction for Dynamic Grant’ [6]
· Indication wanted by RAN2
In general, an LCP is a procedure in MAC layer for picking up data for a certain grant. It should be noticed that the terminology of ‘grant’ has different contexts in RAN1 and RAN2. In RAN1, it is more likely a permission for a PUSCH on an assigned UL time-frequency resource. In RAN2, it is usually almost equal to a time-frequency resource itself.
For the support of URLLC service, in Rel-15, some restrictions relevant to PUSCH duration is introduced in LCP to avoid URLLC data from being mapped to a grant/resource which is too long to meet the latency requirement of this URLLC data.
In RAN2 #107bis meeting, an enhancement for LCP (logical channel prioritization) restriction was discussed. People think some additional restrictions relevant to reliability should be added in LCP as well to avoid URLLC data from being mapped to a grant/resource not reliable enough. For this purpose, RAN2 has the following agreement for dynamic grants, as shown in [6]:
	R2 think it would be useful to introduce a new LCP restriction in the following way: The DCI that is scheduling PUSCH may include a specific indication. LCH configuration in RRC contains information on whether the LCH can utilize grant with this indication or not. 
R2 intends that this mechanism can be used to differentiate grants for traffic that requires high reliability.



In this agreement, RAN2 would like to add a new indication in DCI to inform UE that the dynamically scheduled PUSCH is marked with high reliability or low reliability. For some reasons, in this agreement, ‘specific’ is utilized instead of ‘reliability’ for describing the functionality of the indication RAN2 wanted.
· RAN1 actions
[bookmark: _GoBack]In last RAN1 meeting, the PHY priority is defined for PUSCH with two levels, higher and lower. The priorities of DG PUSCHs are indicated by gNB via PHY signaling.
RAN1 could suggest RAN2 to consider the priority indication in DCI as the specific indication for LCP restriction. In this way, the PHY priority indication would stand for two meanings: 1. the priority of the PUSCH (the grant); and, 2. the restriction metric for LCP.
In addition, for CG, RAN1 has already agreed that the PHY priority of both type 1 and type 2 CG would be indicated via RRC signaling by the gNB. We wonder whether the LCP restriction for DG could be extended for CG as well. In our opinion, this kind of extension does make sense from the point of view for providing unified solution for both DG and CG.
Proposal #8: RAN1 suggests RAN2 to consider the priority indication in DCI as the specific indication for LCP restriction.
Proposal #9: RAN1 asks RAN2 to consider to extend the LCP restriction designed for DG to CG as well for providing unified solution in Rel-16.

Conclusions
According to the discussion above, we have the following proposal:
Proposal #1: In terms of PHY identification of HARQ-ACK codebooks for dynamically-scheduled PDSCH, HARQ-ACK codebook is preferred to be identified by explicit indication in DCI (option 3) for DCI format 1_1 and 1_2.
· For DCI format 1_0, a new RRC parameter is introduced for HARQ-ACK codebook identification.
Proposal #2: UE expects that all the SPS configurations mapped to a single state are associated with the same priority level.
· The state is for the joint release of one or more than one SPS configuration(s).
Proposal #3: Support at most one configuration for sub-slot based PUCCH resource, which is the same as in Rel-15 but in sub-slot level.
Proposal #4: No PUCCH resource sub-slot configuration other than “2-symbol*7” and “7-symbol*2” is supported.
Proposal #5: SRS is considered to be low priority UL transmission by default.
Proposal #6: PRACH is considered to be high priority UL transmission by default.
Proposal #7: PHY layer priority identification of PUCCH-BFR is similar to SR, where
· The PHY layer priority is determined by an explicit indication (as a new RRC parameter.
Proposal #8: RAN1 suggests RAN2 to consider the priority indication in DCI as the specific indication for LCP restriction.
Proposal #9: RAN1 asks RAN2 to consider to extend the LCP restriction designed for DG to CG as well for providing unified solution in Rel-16.
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