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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 a new DCI format (e.g. 0_2, 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.
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).

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

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
· In case of SPS PDSCH, the following options for identifying a HARQ-ACK codebook (to down-select, combinations are not precluded)
· Opt.1: By SPS PDSCH configurations 
· Opt.2: By the DCI activating the SPS PDSCH 
· Opt.3: By the CORESET where the activating DCI is received



In the previous RAN1 meeting, three options are provided for the PHY Identification of HARQ-ACK codebooks for SPS PDSCH, as shown in the above agreement [2].
For the above options, Opt.1 is semi-static indication and Opt.1 & Opt.3 are dynamic indication. In our opinion, the RRC parameters configured for an SPS configuration is usually consistent with its service type. Hence, dynamic indication of service type may not be possible and is not preferred. For example, for a URLLC service, the period of the corresponding SPS configuration is usually shorter and, for an eMBB service type, the period of the corresponding SPS configuration is usually longer. This means that even if the dynamic indication is used, the corresponding SPS configuration cannot be changed immediately which may not fulfil the requirement for the specific service. Hence, we have the following proposal. 
Proposal #2: In terms of PHY identification of HARQ-ACK codebooks for SPS PDSCH, HARQ-ACK codebook is preferred to be identified by SPS PDSCH configuration (Option 1).

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.



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.

PUCCH resource across sub-slot boundary
The final leftover issue is whether a sub-slot based PUCCH resource can be across sub-slot boundary. Similar to the previous issue, this is also a kind of enhancement and is not preferred. Also, a huge specification effort is needed if this feature is adopted, e.g. how to handle the PUCCH collision from different sub-slots. Therefore, we have the following proposal.
Proposal #5: A sub-slot based PUCCH resource across sub-slot boundary is not supported.
According to the instruction given by chairman, there are two sub-topics under this agenda item: 1. HARQ-ACK codebook-related enhancement; 2. Intra-UE prioritization/multiplexing.
Prioritization between intra-UE PHY signals/channels
In RAN#85, the down-selection of some scopes has been made which is related to the sub-topic of intra-UE prioritization/multiplexing [3][4]. L1 multiplexing of different services are not supported in Rel-16. This means the intra-UE prioritization would be standardized in Rel-16, while multiplexing would be supported and the Rel-15 rules would be followed if a single service is behind the colliding uplink signals/channels.
Service-related priority
We all know that the better support of different service types is the original intention to trigger the discussions of intra-UE prioritization/multiplexing. However, after all, service(s) are a higher-layer concept. The main reason we are talking about ‘service’ in PHY layer discussions is not because PHY layer/RAN1 really cares which the ‘service’ exactly is, but because the priority differentiation of colliding PHY signaling/CHs is necessary from the point of view of providing an appropriate handling of colliding PHY signaling which the services are behind.
It would be reasonable that hiding ‘service’ while using other thing instead to address the relevant standardization impacts in PHY specs, for EXAMPLE, the priority. This priority is supposed to relate to ‘services’, but how to precisely tie a priority to a service type may be out of the PHY layer scopes. The mapping rule between priorities and service types could be up to RAN2 decision or be left as an implementation issue at gNB side.
Now we have an on-going email discussion on how to determine the priority of SR, HARQ-ACK/PDSCH, PUSCH, and CSI. This priority determination is at least for handling the collision between intra-UE UL signals/CHs.
It is noted that though the current focus is how to determine the priority of physical signals/CHs, we still have not touched another essential issue yet which may be more basic, i.e. “what the priority of PHY signals/CHs is”. In our view, the following questions needs to be further discussed/clarified:
· The relation between service types and priorities, 
· Could the ‘different service types’ in existing RAN1/RAN agreements be replaced by ‘different priorities’? Is this replacement clear enough? Is any clarification needed?
· For two colliding PHY signals/CHs, if they have same priority, could it be assumed that they have the same service type at PHY layer?
· Definition of priority,
· The priority is defined for uplink signal/channel only or of both uplink and downlink signal/channel?
· Is a priority for PDSCH really necessary? Further examination may be needed.
· If the principle of ‘priority’ is finally introduced in PHY specs, the purpose would be for handling the collision of UL signals/CHs. Following this, the priority of HARQ-ACK codebook would be necessary, as HARQ-ACK codebook is an important UL signal. If this is the case, whether the priority of PDSCH is needed?
· For one thing, PDSCH is a downlink signal. If PDSCH owns an explicit priority, how about PDCCH? Especially for the PDCCHs which require A/N feedback as well.
· For another thing, HARQ-ACK codebook is at least corresponding to one PDSCH. In case that HARQ-ACK codebook has a priority, what additional information/usage could be provided via defining a priority of PDSCH? This should be clarified before any conclusion/agreement is made about the priority of PDSCH.
· Should any alignment is discussed/clarified between the priority comes from UE MAC layer and gNB MAC layer?
· Uplink data is packaged in MAC layer at UE side, while downlink data is packaged in MAC layer at gNB side. If the priority is confirmed to be service-related, the priority would be related to logical channel, more likely determined by higher layer directly or by PHY layer via assistance from higher layer. For example, an A/N signal on PUCCH/PUSCH is related to a downlink MAC PDU/logical channel which is only available at gNB side, while a SR/PUSCH has an uplink logical channel/MAC PDU behind them which is available at UE side. If an A/N has the priority as same as that of a SR/PUSCH, could it be assumed that their priority is equivalent to each other in intra-UE prioritization? More generally speaking, is an uplink data-related priority comparable to a downlink data-related priority?
· If this kind of alignment is concluded as needed, RAN1 may send an LS to RAN2.
· How many priorities would be supported in Rel-16?
· This issue is related to priority determination which is at least relevant to the overhead required for this priority indication/determination.
· For example, in the priority determination for HARQ-ACK/PDSCH, if only two priorities are supported in Rel-16, every candidate on the table seems workable. However, if the priorities is 8, both RNTI-based method and CORESET-based method may get some problems unless joint indication is considered.
· This issue is highly related to how to understand the agreement achieved in previous meeting, that the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.
· So far, all we agreed is “two HARQ-ACK codebooks are simultaneously constructed”. Two codebooks are simultaneous does not exactly mean the priorities of HARQ-ACK codebook is 2. It is still possible that the priority number is larger than 2, but the simultaneous HARQ-ACK codebooks are limited to 2.
· Could we clarify how many cases need to identified via ‘PHY identification of HARQ-ACK codebooks’ before we go deep in the discussion on priority determination?
· If it is finally confirmed ‘PHY identification of HARQ-ACK codebooks’ is used to identify two codebooks at most and the priorities of HARQ-ACK codebook is at most 2 as well, this agreement could be treated as that the priority of HARQ-ACK codebook could be determined by PHY identification only.
· [bookmark: _GoBack]If it is finally confirmed ‘PHY identification of HARQ-ACK codebooks’ is used to identify two codebooks at most and the priorities of HARQ-ACK codebook could be more than two, further clarification would be needed for the latest agreement made in RAN1 #98.

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).
Proposal #2: In terms of PHY identification of HARQ-ACK codebooks for SPS PDSCH, HARQ-ACK codebook is preferred to be identified by SPS PDSCH configuration (Option 1).
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: A sub-slot based PUCCH resource across sub-slot boundary is not supported.
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