[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting 91				                  					R1-1720008
Reno, USA, November 27th – December 1st, 2017

Agenda item:		7.3.2.1.2
Source:	Nokia, Nokia Shanghai Bell
Title:	On remaining details of short PUCCH for UCI of more than 2 bits
Document for:		Discussion and Decision
1	Introduction
Rel-15 WI dealing with New Radio Access Technology ‎[2] targets to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in‎ [3]. 
In this contribution, we focus on the short PUCCH format for UCI payloads of more than 2 bits. (PUCCH format 2). We provide our views related to PUCCH format 0 and to 2-symbol short PUCCH design in companion contributions [4] and [5], respectively.
2.  Discussion
2.1.  On DMRS details 
In previous RAN1 meetings, good progress has been made on the DMRS pattern and sequence for PUCCH format 2. A remaining open point is about multi-port DMRS support. We propose a DMRS structure that supports two orthogonal DMRS ports as a forward compatibility feature, e.g., to be used for MU-MIMO scenarios. As shown in [6] CDM and FDM with the same DMRS overhead perform equally. On the other hand, in order to minimize the specification impact of orthogonal DMRS ports, it makes sense to use CDM as the multiplexing scheme between DMRS antenna ports. Hence we make the following proposal:
Proposal 1:	Support two orthogonal DMRS ports for PUCCH format 2. Support CDM as multiplexing scheme between orthogonal DMRS ports.
2.2.  SR with PUCCH format 2
In RAN1#90bis, it was agreed that simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2 is supported by RRC configuration. A remaining open issue is how to convey SR with other UCI such as HARQ-ACK and CSI. These kind of scenarios are well known also in LTE. In LTE, when SR opportunity occurs in a same subframe with UCI using LTE PUCCH Format 3, 4 or 5, SR bit is appended as one bit to the end of the UCI payload before encoding and modulation.
We see that it’s natural to reuse the LTE solution also with PUCCH format 2. In other words, SR bit is appended to the end UCI payload before encoding and modulation when SR occurs in same slot/symbol with PUCCH format 2. We propose in [7] the same solution also for PUCCH formats 3 and 4, which provides simplicity in the system design.   
Proposal 2: 	SR bit is appended to the end of the UCI payload before encoding and modulation when SR occurs in same slot/symbol of PUCCH format 2.
2.3	Determination of PRB allocation size and UCI dropping
In RAN1#90bis it was agreed that in addition to RRC configuration, the number of PRBs can be additionally determined based on the following: as a function of UCI payload size and dynamic indication via DCI. In email discussion [90b-NR-37] it was agreed that a configurable maximum coding rate is used for a UE to determine how to feedback UCI on PUCCH.  
We see that both the dynamic indication and implicit payload size based determination can be used when determining the number of allocated PRBs:
· The number of PRBs is separately configured for each PUCCH resource in the set of PUCCH resources that can be dynamically indicated.
· The PUCCH resource set configuration includes also a flag that indicates whether the configured number of PRBs is interpreted in a static or flexible manner. 
· gNB dynamically indicates the used PUCCH resource configuration (with the configured number of PRBs) to UE. 
· If the flag indicated static interpretation, the number of transmitted PRBs is equal to the configured number of PRBs.
· If the flag indicated flexible interpretation, the configured number of PRBs represents the maximum size of PUCCH resource. The number of actually transmitted PRBs is determined based on the UCI payload size and maximum coding rate: 
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After the number of transmitted PRBs is determined, there may be situations where the number of PRBs is insufficient for given UCI payload and configured maximum coding rate. In that case, UCI payload is reduced using bundling and/or dropping:
· Firstly, the number of bits available for UCI X is calculated based on the indicated maximum coding rate and the determined number of PRBs 
· The UE checks whether the number of HARQ-ACK (and SR, if present) bits is less than the maximum number of bits X, or not.
· If yes, L1-RSRP report or CSIs are mapped into the resource as well
· If the number of HARQ-ACK, SR, L1-RSRP report and/or CSI bits exceeds X, some or all of the L1-RSRP report and CSI is dropped according to a priority order. 
· If not, HARQ-ACK bundling, if enabled by higher layer configuration, is applied
· After HARQ-ACK bundling, L1-RSRP report and/or CSIs are mapped into the resource
· If all CSIs and L1-RSRP report fit in, the UE also checks if the number of PUCCH PRBs could be reduced without further UCI dropping
· If the number of HARQ, ACK, SR, and CSI bits exceeds X, some or all of the L1-RSRP report and CSI is dropped according to priority order 
On above, the HARQ-ACK bundling was applied in a dynamic manner. It was also applied to all HARQ-ACKs. Alternatively, HARQ-ACK bundling could be applied also only to some of HARQ-ACKs so that UCI payload is compressed just below X. In other words, HARQ-ACK bundling is performed separately for HARQ-ACKS of each PDSCH (in predetermined order) until the HARQ-ACK payload is below X. No CSI is multiplexed with the bundled HARQ-ACK transmission.
In previous discussion, the same maximum coding rate for HARQ-ACK, L1-RSRP report and/or CSI on short PUCCH is assumed. Separate coding of HARQ-ACK, L1-RSRP report and/or CSI can provide better performance as the coding rates can be adjusted according to the performance requirements of HARQ-ACK, L1-RSRP report and CSI. However, separate coding with separate coding rates requires introduction of new mechanisms for resource dimensioning. We find introduction of such mechanism challenging from the viewpoint of NR WI schedule. However, if seen necessary, the dropping/bundling mechanism described above can be easily extended also for separate coding.      
Proposal 3:  The number of PRBs is separately configured for each PUCCH resource in the set of PUCCH resources. PUCCH resource configuration also indicates whether the number of PRBs is interpreted in a static or flexible manner.
Proposal 4: 	In the flexible interpretation, the configured number of PRBs represents the maximum size of PUCCH resource. The number of transmitted PRBs is determined based on the UCI payload size and maximum coding rate, upper bounded by the configured number of PRBs.
Proposal 5: 	When the number of PRBs is insufficient for given UCI payload and configured maximum coding rate, UCI payload is reduced using HARQ-ACK bundling and/or CSI/L1-RSPR report dropping mechanism as described in text.
3.  Conclusions
In this contribution we have considered NR PUCCH format 2 design aspects. Based on the discussion, we make the following proposals:
Proposal 1: 	Support two orthogonal DMRS ports for PUCCH format 2. Support CDM as multiplexing scheme between orthogonal DMRS ports.
Proposal 2: 	SR bit is appended to the end of the UCI payload before encoding and modulation when SR occurs in same slot/symbol of PUCCH format 2.
Proposal 3:  The number of PRBs is separately configured for each PUCCH resource in the set of PUCCH resources. PUCCH resource configuration also indicates whether the number of PRBs is interpreted in a static or flexible manner.
Proposal 4: 	In the flexible interpretation, the configured number of PRBs represents the maximum size of PUCCH resource. The number of transmitted PRBs is determined based on the UCI payload size and maximum coding rate, upper bounded by the configured number of PRBs.
Proposal 5: 	When the number of PRBs is insufficient for given UCI payload and configured maximum coding rate, UCI payload is reduced using HARQ-ACK bundling and/or CSI/L1-RSPR report dropping mechanism as described in text.
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Appendix: Previous meetings agreements
In the previous RAN1 meetings, the following agreements related to short PUCCH for UCI more than 2 bits were made‎[8]-‎[12]:
Agreements‎[8]: For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.
Agreements‎ [8]: For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:
· QPSK for UCI
· X1 to X2 PRBs can be configured to support various UCI payload sizes
· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 
· FFS: detailed PRB allocations and signaling of the configuration
· FFS: values of X1, X2
· DMRS overhead: down-select among the following options:
· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)
Agreements‎ [9]:
· For 1-symbol NR-PUCCH with more than 2 bits based on the agreed Option 1,
· DM-RS overhead of 1/3 is supported
· FFS on other values for DM-RS overhead, if necessary
· FFS on detailed DM-RS pattern
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol
· FFS for distributed (non-contiguous) PRB allocation
Agreements ‎[10]:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· The number of PRBs that can be used for a PUCCH is configurable.
· Support contiguous and non-contiguous PRB allocation.
· If prioritization is necessary, contiguous PRB allocation is prioritized.
· The number of DM-RS REs per PRB is 4.
· DM-RS REs are at the fixed positions within a PRB.
· The sequences used for DM-RS are one of the following:
· Option 1: PN sequences as for PUSCH
· Option 2: LTE computer-generated/ZC sequence
Working assumptions ‎[10]:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DMRS REs are evenly distributed within a PRB
· FFS: Shifted mapping
Agreements ‎[11]:
· Confirm the following working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DMRS REs are evenly distributed within a PRB
· For short-PUCCH for UCI of more than 2 bits, DMRS is mapped on #1, #4, #7, #10 REs for a given RB
· Note: the RE indexing starts from 0
· PN sequences as for PUSCH (opt. 1) is used for DMRS sequence of short-PUCCH for UCI of more than 2 bits
Agreements [12]:
· For short-PUCCH for UCI of more than 2 bits
· Only contiguous PRB allocation within a symbol is supported in release-15
· In addition to RRC configuration, the number of PRBs can be additionally determined based on the following:
· As a function of UCI payload size 
· Dynamic indication via DCI
· FFS the detailed determination method
· FFS the set of supported PRBs
· For short-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for scrambling of the encoded bits and generation of DM-RS for the PUCCH
· Note:can be revisited if new Gold sequences are introduced
· Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2 is supported by RRC configuration
· FFS details
· There is no additional RRC signaling involved in regarding how encoding is done for CSI/HARQ-ACK/SR
· Note that whether some UCI is dropped or not is not considered as part of the encoding in the above bullet
