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[bookmark: _Toc111072069] Introduction
In this contribution, we provide our views on remaining issues in URLLC.
[bookmark: _Toc111072070]Discussion on Rel-17 UCI multiplexing framework
In TS 38.213 release 15, it is prescribed there can be up to 2 PUCCHs in a slot, e.g.,two short PUCCHs, one short PUCCH + one long PUCCH, etc. With the introduction of sub-slot based feedback, then such a prescription also applies to sub-slot based transmissions. 

It is noted that on the outcome of PUCCH multiplexing, i.e. resources Z, there is no restriction on the number of PUCCHs generated. Actually, it is not clear where in the PUCCH multiplexing flow, PUCCHs should be trimmed to satisfy the requirement of allowing up to 2 PUCCHs in a slot/sub-slot, e.g., prior to UCI multiplexing over PUSCH or after UCI multiplexing over PUSCH. In Rel-15, such a question was raised. The situation may become more severe as in Rel-17 PUCCH multiplexing is executed three times:  two times in Step 2.1 (one for LP PUCCHs, another for HP PUCCHs), and one time in Step 2.2 (for LP PUCCH(s) and HP PUCCH(s)). And UCI multiplexing over PUSCH is also executed three times: two times in Step 1.2 and one time in Step 2.2. Any different processing/assumption between gNB and UE in those procedures concerning the two PUCCH restriction could lead to misunderstanding between gNB and UE. From that, we feel it is important to clarify the trimming procedure to satisfy the two PUCCHs per slot/sub-slot requirement. 
We have
Proposal 1: Clarify the number of PUCCH resources Z after PUCCH UCI multiplexing.
[bookmark: GrindEQpgref608f795e5][bookmark: _Toc111072071]Power control aspects
In NR, important decisions on PUCCH power control were taken at RAN1 #92, which leveraged LTE’s design. By reviewing the discussion history, it can be seen much simulation work is required to arrive at an optimized design. Given the diverse issues to tackle just under UCI multiplexing, reopening all the design choices is not desirable. In Section 13.1, we first review the discussion history on power control in NR. In Section 5.2, we provide general design consideration for Rel-17. In Section 5.3, we provide our concrete proposal for power control.
[bookmark: _Toc111072072] Design history in NR
In Rel-15, for PUCCH formats 2/3/4, evaluations on the candidates for ΔPUCCH_TF,c(i) were conducted. It was assumed that 
· For  2 < OUCI ≦11 bits, When RM code is used, the coding gain is considered linear.  
· For  12 ≦ OUCI ≦19 bits,  Polar code with 6-bit CRC is used.   
· For  19 bits <  OUCI ,  Polar code with 11-bit CRC is used.   
It is clear that for small UCI payload size, Reed-Muller code was the target for curve-fitting, and for larger UCI payload size, polar code was the target for curve-fitting.

In Rel-15/16, only UCIs of the same L1 priority can be multiplexed in a PUCCH. The power control rules for PUCCH formats are captured in TS 38.213. For PF0/PF1, the payload size is not considered in the power control formula. For PF2/3/4, the payload size is considered. For PF2/3/4, joint encoding is supported, and for PF3/4, separate encoding is supported. It can be seen from the agreement in RAN1 #92, when the agreements on power control formula were reached, it seems joint encoding was assumed in the specification work, and separate encoding was not considered. 

At RAN1 #92, the following were agreed for NR:

Agreement:
· For PUCCH format 2, 3, and 4, for the case of small UCI payload size (less than or equal to 11)
· ΔPUCCH_TF,c(i) = 10log10(K2∙BPRES(i)) where
· BPRES(i) = OUCI(i)/NRE(i)
· OUCI(i) is the actual number of UCI bits transmitted in i excluding the known bits as in LTE
· NRE(i) = MPUCCH,c(i) x number of subcarriers per PRB x number of DFT-s-OFDM/CP-OFDM symbols excluding DMRS symbols/tones
· FFS: K2 (there is no new RRC parameter introduced)


Agreement:
For the case of large UCI payload size (greater than 11), ΔPUCCH_TF,c(i) is equal to ΔPUCCH_TF,c(i) = 10log10(2K1∙BPRE(i) – 1)
· BPRE(i) = OUCI(i)/NRE(i) 
· OUCI(i) is the number of UCI bits including CRC bits in i 
· NRE(i) = MPUCCH,c(i) x number of subcarriers per PRB x number of DFT-s-OFDM/CP-OFDM symbols excluding DMRS symbols/tones
· FFS: K1 (there is no new RRC parameter introduced)



While the use of OUCI(i) is more straightforward, the derivation of [image: ] can be found from the specification text below:
[image: ] is a number of HARQ-ACK information bits that the UE determines as described in Clause 9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Clause 9.1.3.1 or 9.1.3.3 for Type-2 HARQ-ACK codebook.[image: ]is the same as [image: ] as described in Clause 9.1.4 for Type-3 HARQ-ACK codebook. If the UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback, [image: ] if the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, [image: ]

And tracing back the discussion history in LTE,  (which is the LTE counterpart of  in NR) was introduced in Rel-10. The discussion in LTE (e.g. [8]) first led to an agreement in RAN1 #63:
Agreement (RAN1 #63)
n_harq based on:
-  number of received TBs (also including SPS release)






And the calculation of   was discussed and agreed in [9] from the email discussion in May 2011 after the RAN1 #65 meeting “[65-09] R1-111886 36213CR0299 CR on power control for HARQ-ACK transmission on PUCCH”, the calculation was incorporated in Clause 10.1 of TS 36.213v10.2.0.

One consideration of using  instead of the HARQ-ACK size is to avoid un-necessarily high transmission power of LTE PUCCH format 3 when the number of received PDSCHs is actually small.  

We note [image: ] is intended to be used for the case with Reed-Muller code. 

[bookmark: _Toc111072073] Design considerations on PUCCH power control for Rel-17
It can be seen in the power control formula, the payload size at PF 2/3/4 is reflected in the power adjustment. 

In our understanding, for PUCCH formats 2/3/4, the delta factor  is determined from UCI part 1: 
· The number of resource elements for UCI part 1  where   is the number of coded bits for UCI part 1
· If    is smaller or equal to 11,
· 
· If a HARQ-ACK codebook with  bits is included in UCI part 1, [image: ] is used instead of  for the HARQ-ACK codebook:
· 	
· If more than one HARQ-ACK codebooks are included in UCI part 1 (e.g. one due to SPS HARQ deferral, another for HARQ feedback for dynamic grant PDSCH(s)), then replacement of the number of HARQ-ACK codebook size by the associated  can be applied to each HARQ-ACK codebook.
· The subscript i in [image: ] is dropped as there are multiple .

· otherwise
· where 
· [image: ] and 
· 

· And  =  is applied to both UCI parts.


Note the difference between [image: ] and  was identified as important in LTE and NR essentially inherits the design. We don’t see the point to abandon that in Rel-17. It seems most companies agree the difference between difference between [image: ] and  for inter-L1 priority UCI multiplexing, but the current version of specification may not reflect that well. 

We have 
Proposal 2: For Rel-17 intra-UE multiplexing, retain the difference between [image: ] and  .   We suggest adopting the following TP:

If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using a PUCCH resource that includes PUCCH format 2, 3 or 4, the UE determines a power for the PUCCH transmission, as described in clause 7.2.1, assuming that the PUCCH includes only UCI bits of priority 1, where .  ,  is the number of HARQ-ACK information bits of priority 1, generated following subclause 9.1.2.1 and subclause 9.1.3.1, if the number of UCI bits of priority 1 is smaller than or equal to 11.

[bookmark: _Toc111072075]Conclusion 
In this contribution, we discuss remaining issues in Rel-17 intra-UE multiplexing.

Proposal 1: Clarify the number of PUCCH resources Z after PUCCH UCI multiplexing.
Proposal 2: For Rel-17 intra-UE multiplexing, retain the difference between [image: ] and  .  We suggest adopting the following TP:

If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using a PUCCH resource that includes PUCCH format 2, 3 or 4, the UE determines a power for the PUCCH transmission, as described in clause 7.2.1, assuming that the PUCCH includes only UCI bits of priority 1, where .  ,  is the number of HARQ-ACK information bits of priority 1, generated following subclause 9.1.2.1 and subclause 9.1.3.1, if the number of UCI bits of priority 1 is smaller than or equal to 11.
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