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This contribution discusses some remaining aspects of PUCCH, namely 
a) SR construction with multiple SR configurations
b) PUCCH resource set determination based on UCI size
c) Restriction to upto 2 PUCCH per slot
d) TP to correct range of PUCCH format2 DMRS sequence generation
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SR construction with multiple SR configurations
The following was agreed at previous RAN1 meeting:
Agreement at RAN1#92:
· If a UCI transmission on a PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources which are overlapped in time, X bits are used to represent an SR being indicated by the UE where 
· All-zero X represents the absence of an SR. Otherwise, X represents the presence of an SR.
· Note: X bits should be considered when the UCI is encoded irrespective of the SR being present of absent.
· X=ceil(log2(K+1)) where K is the number of configured SR PUCCH IDs (schedulingRequestResourceId) that overlap in time with the UCI transmission on PUCCH in the slot.
· The K IDs are ordered according to an increasing number of the corresponding SR IDs. The index of an ordered configured PUCCH resource ID is obtained from X bits when SR is triggered.

The equation X=ceil(log2(K+1)) indicates conveying one of K+1 hypotheses, namely either none of the K logical channels has positive SR, or one of them has a positive SR, where X identifies the one with the positive SR. If multiple logical channels have positive SR, the one with highest priority can be indicated. However, the ceil() operation in the computation of X implies that there may be some extra bits in the encoding for X, which can be gainfully used to convey more information about SR.
Consider the simplest case of 2 overlapping SR configurations with SRID 0 and 1. Here K=2, X=ceil(log2(2+1))=2. In this case, bit values 00, 01, 10 respectively correspond to negative SR, positive SR on SRID0 and positive SR on SRID1, respectively. Clearly the unused bit value 11 could be used to indicate positive SR on both SRID0 and SRID1. 
For K=3, X=ceil(log2(3+1))=2, in which case 00,01,10 and 11 represent negative SR on all channels, and positive SR on SRID0,1,2 respectively. Because the ceil() function did not further raise the number of bits in this case, no extra information can be conveyed. However, for K=4, X=ceil(log2(4+1))= 3. In this case, the values conveyed are tabulated as follows:
	Bit values (X=3)
	SR status (0 or 1) for SRID 0,1,2,3 

	000
	0000

	001
	0001

	010
	0010

	011
	0100

	100
	1000

	101
	0011

	110
	0101

	111
	1001

	


Cannot 
be
indicated
	0110

	
	1010

	
	1100

	
	0111

	
	1011

	
	1101

	
	1110

	
	1111



Here, although only the K+1=5 bit values 000-100 are required to indicate upto 1 positive SR, we could also define 3 more bit values that indicate 2 positive SRs. Since not all possible combinations of 2 positive SRs can be indicated, it is preferable to allow indication of the combinations in order of the logical channel priority; eg, in the above table, SRID3 should be chosen as highest priority, and we can then indicate whenever SRID3 had a positive SR along with one other SRID. The remaining SR statuses that cannot be indicated have been filled out in the table in the order corresponding to assuming priority increasing in the order SRID 0,1,2,3.
More generally, with K overlapping SRs, we could enumerate (K,i) ways of indicating i positive SRs, in increasing order with i=0,1,2,…K, where (K,i) is the combinatorial function indicating the number of ways of choosing i out of K SRs. We could then associate these with increasing bitvalues from 0 to 2X-1, and use the X bits to convey SR information. The association may be based on increasing priorities of the logical channels associated with the SR-ids, with priority ties being resolved using SR-ID. Alternatively, we may simply use SR-IDs, and leave it to gNB to configure the SR-IDs in increasing order of logical channel priority. The rationale for ordering the index i (number of positive-SR) in increasing order is that a positive SR is a relative infrequent event, and the probabilities of multiple simultaneous positive SR is lower.
The above discussion is summarized in the following proposal:
Proposal 1: If X = ceil(log2(K+1)) > log2(K+1) bits representing SR are appended to UCI on PUCCH that overlaps with K SR occasions, then use all 2X bit combinations of the X bits to indicate combinations of positive SR on more than 1 of the K SR-IDs. Specifically, for K=2 SR occasions, X=2 bits represent all 4 possible combinations of positive or negative SR on each of the 2 SR occasions.
Note that the alternative of leaving the extra bit combinations unused represents wasted resources, as taking advantage of the fact that certain bit combinations are forbidden may be nontrivial in the decoder implementation.

PUCCH Resource Set determination
The following was agreed at previous RAN1 meeting:
Agreement at RAN1#92:
· When AN/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of AN/SR and CSI.
· If the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the total number of AN/SR and CSI. The PUCCH resource is determined based on ARI.
· FFS on UE assumption on the CSI part 2 is present
· FFS if/how to multiplex CSI and AN/SR in case PUCCH format indicated by ARI for AN/SR and CSI is different from the configured PUCCH format for CSI.
· If the UE is configured with only one PUCCH resource set,
· FFS how to determine the PUCCH resource for transmission of UCI

As per TS38.213 (Sec. 9.2.1), UE chooses the PUCCH resource set based on the number of UCI bits (Nuci). When UE transmits CSI-part2, the Nuci value depends on the rank corresponding to which UE constructs the report (larger rank implies having to report quality for more number of layers, and thus a larger report). This rank is based on UE’s measurement of downlink quality, and is unknown to the gNB. The gNB needs to decode the CSI-part1 to determine the rank, and then use that to determine the size of CSI-part2. However, Nuci is also used to select the PUCCH resource set, and hence the PUCCH resource, thus UE’s selection will be unknown to the gNB if UE uses the rank corresponding to the actual CSI-report. This will entail gNB reserving all possible PUCCH resources that the UE may pick depending on the rank it chooses, even though only one of these will actually be used by the UE. Further, gNB has to decode PUCCH assuming all these hypotheses of rank chosen by UE. This is unnecessarily complex and wasteful. A simple solution is to make all PUCCH-resource sets identical (eg, have only 1 set), but this loses the intended benefits of configuring multiple sets. To avoid this, the rank used for the purpose of selecting the PUCCH resource set can be different from the actual rank corresponding to the report. This different rank may be hard-coded in the specification, eg, 1 or 4. Note that using the minimum rank (1) results in under-budgeting of PUCCH resource carrying capacity, while using the maximum rank results in over-budgeting. Since in case of severe under-budgeting, a dropping rule has been defined to drop parts of the CSI-part2 payload till the code-rate becomes reasonable, this may be a preferred choice.

Proposal 2: When AN/SR and CSI PUCCH resources have the same starting symbols, UE determines the PUCCH resource set to use based on assuming a fixed rank for CSI part 2. This rank may not be the rank corresponding to the actually transmitted CSI.

Restriction to upto 2 PUCCH per slot
The following was agreed in RAN1#88bis:
Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)

However, the above agreement is not reflected in TS38.213 yet. The following text proposal addresses this issue: 

--------------------------------------------------------- Beginning of change -------------------------------------------------------------
[bookmark: _Ref500241945][bookmark: _Toc505848928]9.2.3	UE procedure for reporting HARQ-ACK

A UE may transmit one or more two PUCCHs on a serving cell in different symbols within a slot of  symbols as defined in [4, TS 38.211].
------------------------------------------------------------- End of change ----------------------------------------------------------------
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PUCCH format-2 DMRS generation


In TS 38.211 Section 6.4.1.3.2, the sequence  is generated of length , according to the definition of range for m is shown in Section 6.4.1.3.2.1 as:



where according to Section 6.3.2.5.2 , which is essentially the number of assigned subcarriers for PUCCH format 2. 
In Section 6.4.1.3.2.2, the mapping between m and subcarrier index k is given by the following




where  is defined relative to subcarrier 0 of common resource block 0 and  shall be within the resource blocks assigned for PUCCH transmission according to [5, TS 38.213].

Now, since k is defined related to subcarrier 0 of common resource block 0 and , the range of m defined in Section 6.4.1.3.2 may not be wide enough. An easy fix is to leave the upper bound for m unspecified, as shown in the following text proposal for TS 38.211 Section 6.4.1.3.2, which also follows the approach used for the DMRS for PDSCH and CP-OFDM based PUSCH:
-----------------------------------------------------------   Beginning of change ---------------------------------------------------
6.4.1.3.2	Demodulation reference signal for PUCCH format 2
< Unchanged parts are omitted >

The reference-signal sequence  shall be generated according to

.




< Unchanged parts are omitted >

-----------------------------------------------------------   End of change  ----------------------------------------------------
Conclusions
[bookmark: _GoBack]We have motivated the following proposals regarding short PUCCH:
Proposal 1: If X = ceil(log2(K+1)) > log2(K+1) bits representing SR are appended to UCI on PUCCH that overlaps with K SR occasions, then use all 2X bit combinations of the X bits to indicate combinations of positive SR on more than 1 of the K SR-IDs. Specifically, for K=2 SR occasions, X=2 bits represent all 4 possible combinations of positive or negative SR on each of the 2 SR occasions.
Proposal 2: When AN/SR and CSI PUCCH resources have the same starting symbols, UE determines the PUCCH resource set to use based on assuming a fixed rank for CSI part 2. This rank may not be the rank corresponding to the actually transmitted CSI.
Proposal 3: In TS38.213 Section 9.2.3, adopt the following text proposal.
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
9.2.3	UE procedure for reporting HARQ-ACK
< Unchanged parts are omitted >

A UE may transmit one or more two PUCCHs on a serving cell in different symbols within a slot of  symbols as defined in [4, TS 38.211].
< Unchanged parts are omitted >
------------------------------------------------------------- End of change ----------------------------------------------------------------
Proposal 4: In TS38.211 Section 6.4.1.3.2, adopt the following text proposal.
-----------------------------------------------------------   Beginning of change ---------------------------------------------------
6.4.1.3.2	Demodulation reference signal for PUCCH format 2
< Unchanged parts are omitted >

The reference-signal sequence  shall be generated according to

.




< Unchanged parts are omitted >

-----------------------------------------------------------   End of change  ----------------------------------------------------
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