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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#104b-e meeting, some agreements for SPS HARQ-ACK deferral and sub-slot based Type-1 codebook have been achieved. However, less progress has been made for retransmission of cancelled HARQ-ACK and PUCCH carrier switching for HARQ-ACK for Rel-17 URLLC.
In this contribution, we will discuss some details on retransmission of cancelled HARQ-ACK, as well as PUCCH carrier switching for HARQ-ACK, according to the agenda for RAN1#105-e meeting.
2. Discussion
2.1. Retransmission of cancelled HARQ-ACK
With respect to retransmission of cancelled HARQ-ACK, during RAN1#103-e meeting potential methods were discussed but there was no decision on whether/how to support it.
For low priority HARQ-ACK, it may be dropped during intra-UE prioritization when colliding with high priority HARQ-ACK. For low priority and high priority HARQ-ACK it may be dropped in cases such as inter-UE uplink cancellation when the HARQ-ACK is multiplexed in the ‘cancelled’ PUSCH and SPS HARQ-ACK dropping in TDD systems. In our opinion, transmission performance for both low priority HARQ-ACK and high priority HARQ-ACK should be guaranteed as far as possible. At the same time, same method(s) can be introduced or enhanced for recovering the dropped or cancelled low priority and high priority HARQ-ACK, resulting in no or minimum standardization efforts.
Proposal 1: Unified method(s) is supported for retransmission of cancelled HARQ-ACK for low priority and high priority.
For retransmission of cancelled HARQ-ACK, HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 can be a starting point, i.e. enhanced Type-2 codebook and Type-3 codebook, and it was already agreed to support them also for licensed band operation in Rel-16. From our respective, these mechanisms can deal with retransmission of cancelled HARQ-ACK to minimize the specification and implementation efforts, hence there is no need to introduce additional ones. 
Proposal 2: HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 should be a starting point, and there is no need to introduce additional ones.
For Type-3 codebook, it should be clarified whether HARQ-ACK corresponding to all configured HARQ processes, irrespective of corresponding latest scheduled priorities, can be multiplexed in a same Type-3 codebook. One drawback of Type-3 codebook is the huge overhead, especially when a UE is configured with multiple serving cells and each with a number of HARQ processes. So, further enhancements should be considered to reduce or control the overhead. For example, the Type-3 codebook triggering DCI can indicate a subset of configured serving cells, and/or a subset of HARQ processes for each concerned serving cell, and UE only includes the corresponding HARQ-ACK bit(s) when constructing the Type-3 codebook, so that the codebook size can be controlled flexibly as required without any unconcerned HARQ-ACK bit(s). 
When a UE is configured with many serving cells, a list of states can be configured for the UE, and each state corresponds to a specific subset of serving cells. The Type-3 codebook triggering DCI can indicate a subset of serving cells by indicating an index for the corresponding state in the list. On the contrary, when a UE is configured with a few serving cells, e.g. only one or two serving cells, the concerned serving cell(s) for Type-3 codebook construction can be indicated directly in the DCI by corresponding bit(s), which will lead to more flexibility. 
Similar as the Type-3 codebook construction from serving cell perspective, when turning to the concerned HARQ processes, a list of states can be configured for the UE, and each state corresponds to a specific subset of HARQ process(es) per serving cell or per multiple serving cells. Due to dynamic occupation and sharing in the pool of HARQ processes, the scheme based on a list of states may not be very suitable, as the semi-static configured states may not match the desired HARQ-ACK information exactly. So when many serving cells are configured, HARQ-ACK for all configured HARQ process for each serving cell associated to the indicated state may be contained in the Type-3 codebook. But if only a few serving cells are configured, for each concerned serving cell, a subset of HARQ processes can be indicated directly in the Type-3 codebook triggering DCI when the indicating bits are enough, resulting in very flexible control of the codebook size.
In addition, Type-3 codebook can also be used to retrieve the dropped SPS HARQ-ACK due to collisions in TDD systems, where the load balance and/or latency are under gNB’s control. To reduce the codebook size, a feasible way is that gNB indicates the concerned SPS configuration(s), serving cells or even concerned occasion(s) or HARQ process(es) for one or multiple SPS configurations in a DCI format triggering a Type-3 codebook, where the indication can reuse or reinterpret unused field(s) or bit(s)in the DCI format that does not schedule any PDSCH reception. Then, UE can report corresponding SPS HARQ-ACK bit(s) accordingly. 
Proposal 3: Support the retransmission of cancelled HARQ-ACK by enhancing the Type-3 codebook.
For enhanced Type-2 codebook, it may be reused directly for dynamically scheduled PDSCH, with the clarification that PDSCH grouping is within each priority with maximum two PDSCH groups per priority. 
Proposal 4: Support the retransmission of cancelled HARQ-ACK by Type-2 codebook with clarification that PDSCH grouping is within each priority with maximum two PDSCH groups per priority.
2.2. PUCCH carrier switching for HARQ-ACK
In RAN1#103-e meeting, the following agreement has been achieved to clarify the set of serving cells considered for PUCCH carrier switching for HARQ-ACK.
 (
Agreements:
 
In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
)
In RAN1#104-e meeting, the following agreement has been achieved to list the identified alternatives for further study.
 (
Agreements
: 
For further study on
 
whether and how to support
 
PUCCH carrier switching
 
in a PUCCH group
, focus on the following three alternatives:
Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a 
Pcell
/
PScell
 or an 
Scell
 in a PUCCH group, can be sent on a PUCCH on
 
an 
Scell
 
also instead of
 
only on
 
Pcell
/
PScell
/PUCCH-
SCell
 
in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a 
Pcell
/
PScell
 or an 
Scell
 in a PUCCH group can only be sent on 
Pcell
/
PScell
/PUCCH-
SCell
 in the same PUCCH group.
Note: Realistic deployment scenarios including TDD configurations should be considered for the study
)
With respect to PUCCH carrier switching for HARQ-ACK, it was claimed the main benefit of reducing the HARQ-ACK feedback delay can be achieved by switching PUCCH carrier in the scenarios where different serving cells for the same UE are operated on TDD carriers with different TDD patterns, so that as many as possible UL opportunities can be found across these serving cells in time domain. It is noted that these serving cells should operate on different frequency bands.
Regarding configuring a UE with CA operated on multiple inter-band TDD carriers with different TDD patterns to achieve FDD effect as much as possible, e.g. there is available UL slot/symbol(s) for reporting HARQ-ACK feedback once the timeline requirement is met, it is still not clear about the real commercial deployment plan that provides the promising scenario for this feature, as it requires the followings at the same time:
· Inter-band CA with DL-UL configurations complementary to each other
At least one CC e.g. PCell has TDD DL heavy configuration and another CC e.g. SCell has UL heavy or DL-UL balanced TDD configuration. 
· TDD CA with unaligned frame boundaries
An example is that the PCell, i.e. CC#1 uses TDD pattern of DDDSUDDSUU, and SCell, i.e. CC#2 uses DSUUUDSUUU. To achieve the FDD-like effect, it requires the SCell to have an offset of one slot to PCell. At the same time, the PCell and SCell will operate with unaligned frame boundaries. 
· Inter-band UL CA for the UE
For PUCCH carrier switching, inter-band UL CA is assumed naturally.
Some companies said the feature of inter-band TDD CA with unaligned frame boundaries is from the request of some operator for the real deployment. We agree that some operator may have plan to deploy inter-band CA with slot offset. However, the main motivation for it is to ensure adjacent channel co-existence of multiple operators [1]. Considering the regulations and co-existence with multiple operators, it may not be feasible or beneficial to support inter-band CA with unaligned frame boundaries mainly for URLLC services. In general, TDD synchronization is important and necessary among operators with adjacent channels. Furthermore, from the system perspective, unaligned TDD patterns to achieve the FDD-like effect reduce the throughput of UEs configured with TDD CA but not supporting unaligned TDD patterns.
To support URLLC traffic with tight latency requirement e.g. motion control with 1ms air interface latency, as analyzed in [5], it is concluded and recommended that frame structure with short switch-point periodicity and equal UL/DL resources should be considered. Even if the operators have the freedom to select their optimal TDD configurations without much restrictions, e.g., for some isolated factory scenarios where cross-link interferences can be managed, the TDD pattern of SU with S=12D:2G as proposed by operators [4] would be the better choice which can ensure the fast feedback. 
[bookmark: _Ref54383562]Observation 1: The plan for realistic deployment scenarios including TDD configurations for PUCCH carrier switching have not been identified.
For the case when the configured carriers include at least an FDD carrier or a TDD carrier with balanced DL-UL or UL heavy configuration, compared with PUCCH carrier switching, it is simpler and sufficient to configure the FDD carrier or the TDD carrier with balanced DL-UL or UL heavy configuration as PCell or configure two PUCCH cell groups to reduce the UCI feedback latency. For example, for a UE having URLLC traffic and configured with two TDD carriers, the CC#2 with TDD pattern of DSUUUDSUUU should be configured as the PUCCH carrier, rather than configuring CC#1 with the TDD pattern of DDDSUDDSUU as the PUCCH carrier. 
In addition, there is another way to achieved the same benefit of latency reduction, which is illustrated in Figure 1 from [2].
[image: ]

[bookmark: _Ref68113058]Figure 1. Multiplexing HARQ-ACK from an invalid PUCCH on PUSCH on SCell [2]
Based on the following agreement achieved in RAN1#104-e meeting, the way illustrated in Figure 2 is already allowed, resulting in no specification efforts.
 (
Agreement
To address collision with semi-static DL symbols and SSB, the following easy way is suggested:
Step1: Perform intra UE prioritization (including multiplexing, overriding) according to related working assumption in 102 e-meeting and produce final PUCCHs/PUSCHs.
Step 2: Final PUCCHs/PUSCHs is cancelled by semi-static DL symbols and SSB symbols.
)
Compared to PUCCH carrier switching, the way illustrated in Figure 2 has several advantages obviously:
· Flexibility. The PUSCH on SCell can be scheduled dynamically and flexibly in terms of occupied symbol(s), PRB(s) and serving cell, etc. With respect to PUCCH carrier switching, even when Alt. 1 based on dynamic indication is adopted, a lot of PUCCH resources related parameters are still configured based on semi-static RRC signaling, thus reducing the flexibility.
· Complexity. The way in Figure 2 is allowed now without any specification efforts, as mentioned before. For PUCCH carrier switching, there are a lot of questions to answer, such as UL power control, PUCCH carrier switching for other UCI types, handling of simulatanous PUCCH transmissions across different serving cells, etc, which may bring much complexity and specification effort. 
· Overhead. For the way in Figure 2, a UL grant is used to schedule the PUSCH for multiplexing the HARQ-ACK. For PUCCH carrier switching, a lot of PUCCH resources may be configured and reserved in several serving cells for potential use, resulting in much overhead in terms of resources and signalling, etc.
In addition, existing mechanisms such as configuring two PUCCH cell groups can also be considered when required.
Observation 2: Compared to existing mechanisms, e.g. configuring the balanced DL-UL or UL heavy TDD carrier as the PUCCH carrier, configuring two PUCCH cell groups, or multiplexing the UCI on PUSCH in SCell, etc., the additional performance benefits by PUCCH carrier switching have not been identified.
For PUCCH carrier switching, currently there are 4 alternatives i.e., Alt.1, Alt1A, Alt.2B and Alt.2C as listed in [3], which is referenced in the following for convenience. 
 (
Alt. 1- PUCCH carrier switching is based dynamic indication in DCI
Alt. 1A - PUCCH carrier switching is based dynamic indication in DCI for scheduled PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH (as for Alt. 2B)
Alt. 2B - PUCCH cell switching is based on certain (semi-static) rules
 
Alt. 2C - PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
)
For each alterative, it is important to understand the target e.g. which PUCCH type (dynamically scheduled and/or semi-statically configured), and any conditions/restrictions in terms of the PUCCH configurations across multiple carriers, how it works with/without interworking with other features in order to make it useful. 
For Alt. 1, it is simple and gNB can have the full control on selecting the PUCCH carrier. It can work for PUCCHs conveying HARQ-ACK for PDSCH scheduled by non-fallback DCI, but it does not work for other types of PUCCHs conveying UCIs such as SPS HARQ-ACK, SR and HARQ-ACK for PDSCH scheduled by fallback DCI. Only supporting the dynamic PUCCH scheduled by non-fallback DCI weakens the PUCCH carrier switching usefulness.
For Alt. 1A, the solution is not unified, and the complexity is more than doubled compared with Alt.1 and Alt.2B/2C. For example, there are two set of rules to determine the PUCCH carrier, i.e. the set of dynamic rules and the set of semi-static rules. If a scheduled PUCCH and another configured PUCCH will be transmitted in the same UL slot/sub-slot, further discussion is necessary to decide which set of rules should be prioritized.
For Alt. 2B and Alt. 2C, gNB cannot have the full control of selecting the PUCCH carrier. Particularly, for Alt.2B, it is not clear what the mutual impacts would be between the PUCCH carrier/valid PUCCH resource determination and the PUCCH resource overriding/multiplexing/prioritization rule. For example, the PUCCH carrier may change back-and-forth due to the UCI multiplexing or PUCCH resource overriding.  In general, the PUCCH carrier switching feature should not make the overall procedure more complex.
For all these alternatives, we need to understand how it works with other features, for example, how it works with SPS deferral, Rel-17 UCI multiplexing with different priorities, UL power control and SCell dormancy, etc. Before deciding whether to support this feature or not, at least above should be clarified with understanding its usefulness, complexity and involved specification efforts. 
Observation 3: To support PUCCH carrier switching, a lot of issues need to be addressed and large specification efforts are expected.
Based on above analysis, we can draw the following proposal.
Proposal 5: Do not support PUCCH carrier switching for HARQ-ACK for URLLC Rel-17.
3. Conclusion
In this contribution, some issues for retransmission of cancelled HARQ-ACK, as well as PUCCH carrier switching have been discussed, and the proposals and observations made are summarized as below:
Proposal 1: Unified method(s) is supported for retransmission of cancelled HARQ-ACK for low priority and high priority.
Proposal 2: HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 should be a starting point, and there is no need to introduce additional ones.
Proposal 3: Support the retransmission of cancelled HARQ-ACK by enhancing the Type-3 codebook.
Proposal 4: Support the retransmission of cancelled HARQ-ACK by Type-2 codebook with clarification that PDSCH grouping is within each priority with maximum two PDSCH groups per priority.
Observation 1: The plan for realistic deployment scenarios including TDD configurations for PUCCH carrier switching have not been identified.
Observation 2: Compared to existing mechanisms, e.g. configuring the balanced DL-UL or UL heavy TDD carrier as the PUCCH carrier, configuring two PUCCH cell groups, or multiplexing the UCI on PUSCH in SCell, etc., the additional performance benefits by PUCCH carrier switching have not been identified.
Observation 3: To support PUCCH carrier switching, a lot of issues need to be addressed and large specification efforts are expected.
Proposal 5: Do not support PUCCH carrier switching for HARQ-ACK for URLLC Rel-17.
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