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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]During RAN 88e meeting, a revised WID of Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved. The first objective is about whether some physical layer feedback enhancements should be studied and specified for URLLC, including HARQ-ACK and CSI feedback enhancements. The objective is showed below.
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 

This contribution provides initial thoughts on Physical Layer UE feedback enhancements for HARQ-ACK [RAN1].
Discussion
 Support avoiding SPS HARQ-ACK dropping for TDD

[bookmark: OLE_LINK12]In RAN1#102-e meeting, it has been agreed to discuss HARQ-ACK feedback enhancements for TDD DL SPS with high priority, and a following agreement has been made:
Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)
Several possible solutions were proposed in last meeting, among them, delaying the HARQ-ACK transmission to the nearest available UL sub/sub-slot might be a simple way with acceptable specification modification. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]If HARQ-ACK feedback of SPS PDSCHs pointing to variant UL slots/sub-slots are encountered with invalid symbols and delayed to a same PUCCH resource, how to construct the codebook is a problem. An example of SPS PDSCH HARQ-ACK only feedback and type 2 HARQ-ACK codebook generation sequence is shown in Figure 1 below. For all the HARQ-ACK bits corresponding to one virtual PUCCH slot/sub-slot (virtual PUCCH slot/sub-slot means the previous PUCCH resource indicated by k1 but actually being non-available due to invalid symbol), the bit sequence follows Rel-16 rule, i.e., SPS configuration index-> DL slot index ->serving cell index.  For feedback bits corresponding to different virtual PUCCH slots/sub-slots, the bit sequence follows ascending order virtual PUCCH slot/sub-slot index. In Figure 1, the HARQ-ACK bits of SPS 1 and SPS 2 are intended for the first virtual PUCCH slot, the two bit ‘10’ are located in the first two positions of the final codebook. SPS 3 is previously mapped to the second virtual PUCCH slot and its feedback bit ‘1’ is set in the third position of the final codebook.
For the type 1 HARQ-ACK codebook generation sequence, a similar principle can be applied. For all the SPS PDSCH occasions corresponding to one virtual PUCCH slot, bit sequence follows Rel-16 rule, and for feedback bits corresponding to different virtual PUCCH slots, the bit sequence follows ascending order of virtual PUCCH slot index.


Figure 1: Type 2 codebook generation for SPS with HARQ-ACK delay
Proposal 1. Support delaying the HARQ-ACK transmission to the nearest available UL slot/sub-slot to avoiding SPS HARQ-ACK dropping for TDD.
Proposal 2. The HARQ-ACK codebook generation sequence first follows the ascending order of virtual PUCCH slot/sub-slot index, and for all the HARQ-ACK bits corresponding to a same virtual PUCCH slot/sub-slot, the bit sequence follows Rel-16 rule. 
 PUCCH repetition enhancement

[bookmark: OLE_LINK38][bookmark: OLE_LINK39]In last meeting of Rel-17 URLLC item, it has been agreed to further study PUCCH repetition enhancement schemes, and two PUCCH repetition schemes were discussed. One is sub-slot based PUCCH repetition, which is similar as PUCCH slot aggregation in Rel-15 and uses sub-slot length instead of slot as shown in Figure 2. The other is PUSCH repetition type B like scheme as shown in Figure 3.  From our view, applying sub-based PUCCH repetition transmission within a slot can improve the scheduling flexibility and reliability, and this scheme can reuse the Rel-15 PUCCH transmission and UCI multiplexing principle as much as possible. In addition, sub-based PUCCH repetition can also reduce the latency because the repeated PUCCHs are just within one slot, while slot based repetition may take up two or more slots. 


Figure 2: sub-slot based PUCCH repetition with sub-slot length equals to 3


Figure 3: PUSCH repetition type B like PUCCH repetition scheme
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]In Rel-15/Rel-16 PUCCH transmission, a repetition number is configured by RRC signalling to support inter-slot repetition. For Rel-17 PUCCH, intuitively a similar framework as Rel-15 can be applied to indicate the repetition number. However, consider the multiple mixed scenes and many sudden traffics in Rel-17 URLLC systems, the transmission and interference environment of PUCCH may change fast, using semi-static indicated repetition number may not able to adapt to rapidly changing scenario, and the resource efficiency may be low. It is reasonable to employ dynamically indicated repetition number for each PUCCH transmission, which can be simply achieved by introducing a new bit field in DCI. Meanwhile, to avoid increasing the DCI resource size, existing bit filed can be used to jointly indicate the PUCCH repetition number, such as PRI field.
Proposal 3: Support sub-slot based PUCCH repetition transmission.
Proposal 4: Support dynamic indication of repetition number of PUCCH transmission.
 Type 1 HARQ-ACK codebook based on sub-slot PUCCH configuration 

In Rel-16 URLLC, type 1 codebook is not supported for sub-slot based HARQ-ACK transmission. However, the reliability of type 2 codebook may be greatly affected by DCI false alarm, especially when a single cell is configured and no total DAI indication exists. Considering this, sub-slot based type1 HARQ-ACK codebook should be supported in Rel-17 URLLC to further enhancement UCI reliability and flexibility.
Meanwhile, since the available symbol resource for sub-slot PUCCH is generally smaller than that of slot based PUCCH, the codebook size needs to be constrained to grantee the UCI decoding reliability. Note that the type 1 codebook size is a multiple of configured number of K1 values, configuring a relatively small set of K1 values may be an effectively way to reduce the codebook size. 
Proposal 5. Support sub-slot based type1 HARQ-ACK codebook in Rel-17 URLLC to further enhancement UCI reliability. 
Proposal 6. The codebook size should be constrained for sub-slot based type 1 codebook. 
2.3.1 Determine the union set of row indexed of TDRAs 
In Rel-16 URLLC, it supports to use PDCCH starting symbol as the reference of SLIV, as specified in TS38.213. In this case, a new row index in the set of row indexes of the table by replacing the starting symbol  of the row index by  should be added. It means that the more TDRA rows needs to be added for generating type 1 codebook when monitoring DCI-Format1-2.
For sub-slot based type 1 codebook, a similar issue should be taken into account. An example is shown in Figure 4 below. There are 4 PDCCH monitoring occasions in a DL slot, each with k0=0，k0=3，k0=6，k0=9， respectively. For a single row with slot offset  and PDSCH mapping Type B provided by pdsch-TimeDomainAllocationListForDCI-Format1-2-r16, another two SLIVs (SLIV3 and SLIV 4) on DL sub-slot 2n-K1 should be included to generate the codebook on PUCCH of sub-slot 2n. 


Figure 4: Type 1 codebook generation for DCI format1-2 with PDCCH starting symbol as the reference of SLIV
Another example is illustrated in Figure 5 below when a UE is configured to monitor both DCI Format1-1 and DCI Format1-2. In DL sub-slot 2n-K1, two monitoring occasions are configured for DCI Format1-2 and one monitoring occasion is configured for DCI Format1-1. For a single row with slot offset  and PDSCH mapping Type B provided by pdsch-TimeDomainAllocationListForDCI-Format1-2-r16, another PDSCH occasion (SLIV 2) should be included to generate the codebook. In addition, one PDSCH occasion (SLIV3) associated with TDRA table for DCI Format1-1 is applied. Overall, totally 3 non-overlapped PDSCH occasions should be used to generate the codebook transmitted on sub-slot 2n.


[bookmark: OLE_LINK13]Figure 5: Type 1 codebook generation for monitoring both DCI format1-1 and DCI format1-2.
2.3.2 Type 1 HARQ-ACK codebook generation procedure
A sub-slot based type 1 codebook generation can follow a similar process as Rel-15 slot based type 1 codebook, which can be given as below:
1. For a UCI to be sent in sub-slot n, determine the union set of K1 values in unit of sub-slot according to the DCI formats the UE is configured to monitor PDCCH. 
2. Determine the union set of row indexed of TDRAs for DCI formats the UE is configured to monitor PDCCH
a) At sub-slot n-K1 with the given value K1, all the PDSCH occasions indicated in the TDRA tables configured by higher layers are considered to determine the codebook size. 
b) If PDCCH starting symbol as the reference of SLIV is supported, the corresponding SLIVs with starting symbol  replaced by  should also be added into candidate PDSCH occasion sets.
3. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]The PDSCH occasions that conflict with TDD DL/UL configuration are removed first. The remaining PDSCH occasions selection for determining the codebook size is given as  the procedure below:
1) Select T to be smallest end symbol index of all the available SLIVs in sub-slot n-K1.
2) Move the corresponding SLIV with ending symbol T into the chosen SLIV set .
3) Cancel the remaining SLIVs that starts no later than T. 
4) Go back to step 1) until all the SLIVs ending in sub-slot n-K1 are looped and get the final SLIV set  to generate HARQ-ACK bits.
Proposal 7. Similar as Rel-16 type 1 codebook, the union set of row indexed of TDRAs are used to determine the PDSCH occasions, including for DCI formats the UE is configured to monitor PDCCH and  reference of SLIV if it is configured.  
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
Proposal 1. Support delaying the HARQ-ACK transmission to the nearest available UL sub/sub-slot to avoiding SPS HARQ-ACK dropping for TDD.
Proposal 2. The HARQ-ACK codebook sequence first follows the ascending order of virtual PUCCH slot index, and for all the HARQ-ACK bits corresponding to a same virtual PUCCH slot, the bit sequence follows Rel-16 rule. 
Proposal 3: Support sub-slot based PUCCH repetition transmission.
Proposal 4: Support dynamic indication of repetition number of PUCCH transmission.
Proposal 5. Support sub-slot based type1 HARQ-ACK codebook in Rel-17 URLLC to further enhancement UCI reliability. Generating a separate codebook for each priority as a starting point. 
Proposal 6. The codebook size should be constrained for sub-slot based type 1 codebook. 
Proposal 7.  Similar as Rel-16 type 1 codebook, the union set of row indexed of TDRAs are used to determine the PDSCH occasions, including for DCI formats the UE is configured to monitor PDCCH and  reference of SLIV if it is configured. 
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