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1 Introduction

A large number of issues regarding the UCI multiplexing in the PUSCH were resolved in RAN1#90bis and in the subsequent email discussions. Several FFS aspects remain including:
Agreements:
· For grant based UL transmission, use DAI based mechanism similar to LTE to indicate UE the number of ACK bits for ACK piggyback on PUSCH. 

· FFS details of DAI mechanism 
· FFS: how to enhance DAI mechanism to support CBG based transmission

Agreements:

· For ACK piggybacked on PUSCH, map ACK to distributed REs across PUSCH allocated RBs 

· Details FFS 
Agreements:
· For CSI piggybacked on PUSCH, map CSI to distributed REs across PUSCH allocated RBs 
· Details FFS 
Agreements:
· For CSI piggybacked on PUSCH, support splitting CSI mapping (at least for some CSI) into two parts, where the two parts are mapped differently 
· FFS details (e.g., grouping of different CSI types and map them into different REs, which types of CSI, etc.)
· FFS impact of frequency hopping (if any)
Agreements:
· If freq hop is disabled for PUSCH, CSI piggybacked on PUSCH follows freq first mapping rule
· FFS details 
· FFS the case when hopping is enabled
Agreements:
If the UE is configured with dynamic Beta_offset and with non-fallback DCI for UL assignment, 4 sets of Beta_offset values are configured for HARQ-ACK and CSI respectively. 

· FFS: how to select one out of 4 sets of Beta_offset values
· Alt1: 2 bits in the non-fallback DCI to indicate one out of 4 sets of Beta_offset values
· Alt2: Implicit method to select one set of Beta_offset values based on other parameters signaled in DCI, e.g., MCS and/or rank of PUSCH.
This contribution considers the above FFS aspects and other remaining aspects for UCI and data multiplexing in a PUSCH.

2 UCI Resource Determination and Mapping 
Use of UL DAI 
Given that HARQ-ACK feedback in a PUSCH for PDSCH received after the UL grant for the PUSCH is not supported, the UL DAI can operate as in LTE Rel-8 (i.e. protect again missed last PDCCHs that the UE cannot determine from the counter DAI in DL assignments). While for dynamic HARQ-ACK codebook the UL DAI is beneficial, it is FFS whether it is needed for semi-static HARQ-ACK codebook depending on the approach used. 

Proposal 1: LTE Rel-8 operation is baseline for the UL DAI in case of dynamic HARQ-ACK codebook determination. FFS for semi-static HARQ-ACK codebook determination. 

Mapping for HARQ-ACK and CSI
For the CSI, frequency-first mapping has been agreed. For HARQ-ACK, the options are to either map on REs around the DMRS or to map in time (on ‘as many symbols as possible in both frequency hops’).

There are basically two design approaches for UCI mapping. One is to prioritize UCI placement around the DMRS in order to enhance its reception reliability (used for HARQ-ACK, and to a lesser extend for RI, in LTE), particularly for the higher Doppler shifts that exist in NR relative to LTE (due to higher carrier frequencies and/or the higher UE speeds), and the other is to spread the UCI in all available symbols in time to maximize coverage. Both design approaches are valid. First, it is noted that the coverage limitation in LTE (for HARQ-ACK or RI in the PUSCH) is caused by the restriction in the maximum number of REs that can be used (mapping is contained in a maximum of 4 symbols) and not because of the mapping around the DMRS. This was OK for LTE Rel-8 due to the very limited number of HARQ-ACK bits but it is problematic for large HARQ-ACK payloads. Therefore, regardless of the UCI mapping approach in NR, there is no need to restrict the respective maximum number of REs. Second, unlike LTE, NR supports variable DMRS presence in time in order to account for the Doppler shift and mapping around the DMRS for HARQ-ACK is not as critical as it is in LTE.
Regardless of the mapping method (around the DMRS or across all applicable PUSCH symbols (excluding DMRS ones)), it is desirable to have a same mapping method for HARQ-ACK and CSI to simplify the mapping and avoid situations where HARQ-ACK needs to puncture CSI. It is also desirable to allow for frequency diversity regardless of the number of UCI REs. This is a consideration for the small HARQ-ACK payloads (e.g. 1-2 bits) and moderate/high data MCS where a resulting number of HARQ-ACK REs is likely to be small for most 
[image: image9.bmp] values. In general, similar to the PUCCH, a frequency diversity order of 2 is sufficient and this can result to simplified mapping. 
Considering the above, candidate UCI mappings are shown in Figure 1. RE mapping starts from the first end of the PUSCH transmission BW, continues at the second end (frequency-first). Then, depending on whether the mapping is around the DMRS or across available symbols, it continues (a) first between the first BW end and the second BW end in an alternating manner and then across symbols or (b) first across symbols in an alternating manner between the first BW end and the second BW end. Mapping for HARQ-ACK is done first, followed sequentially by mapping for CSI. The two CSI parts are mapped sequentially. There is no need to use different mappings depending on whether or not FH is used. For case (b) in Figure 1, different mappings depending on FH are clearly unnecessary. For case (a) in Figure 1, there will be DMRS after FH and the same mapping can apply around the second DMRS.   
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      Figure 1: UCI Mapping – (a) around DMRS or (b) across symbols
Proposal 2: HARQ-ACK and CSI follow the same RE mapping in a PUSCH. When both HARQ-ACK and CSI exist, the mapping is sequential starting from HARQ-ACK. CSI part-2 is mapped after CSI part-1.
Proposal 3: UCI mapping starts after the DMRS symbol and alternates per symbol between the two ends of the PUSCH bandwidth in a sequential manner either frequency-first around the DMRS(s) or time-first. 

Proposal 4: The number of REs for multiplexing HARQ-ACK or CSI part-1 or CSI part-2 in PUSCH is determined as in LTE without restricting the maximum number of REs (for HARQ-ACK). 

Observation 1: There is no need for different UCI mappings depending on whether or not PUSCH transmission is with frequency hopping.
HARQ-ACK and SR generated after UL grant reception 
It is possible that HARQ-ACK information generated after a UE detects an UL grant needs to be transmitted in the PUSCH corresponding to the UL grant, particularly due to the absence of support for simultaneous PUSCH and PUCCH transmissions (or due practical limitations for supporting simultaneous PUSCH and PUCCH transmissions). In last meeting, no consensus has been achieved, and phase 1 NR does not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH. However, whether such ‘late’ HARQ-ACK can be transmitted by sPUCCH is not clear. In general, gNB can avoid scheduling PDSCH after UL grant unless the timely PDSCH and very fast HARQ-ACK feedback is necessary, e.g., for URLLC with short latency requirement. Hence, if the gNB does schedule PDSCH (transmits DL DCI) after an UL grant, it is appropriate for the UE to transmit HARQ-ACK by sPUCCH and drop the on-going PUSCH. If the PUSCH contains UCI, it is beneficial to also transmit the UCI on the PUCCH, if the indicated PUCCH resource is sufficient for the UCI (dropping rules may otherwise apply). This behavior can be configurable by the gNB. 

In LTE, no scenario is identified for transmitting SR in a PUSCH because an on-going PUSCH transmission means there is already available UL resource and BSR can be transmitted instead of SR. In NR, a UE can support multiple verticals with different requirements. That is, the main motivation of supporting multiple SR configurations with independent SR periodicity from 2 symbols to 80ms is the different verticals. Then, it is possible that SR is triggered for a service with more stringent latency just before or in the middle of on-going PUSCH for another service, e.g., the triggered SR is for URLLC and periodicity is 2 symbols while on-going PUSCH is for eMBB. Similar to urgent HARQ-ACK, a network should be capable of configuring a UE, or a UE behavior should be specified, for SR to be transmitted by PUCCH and for PUSCH to be dropped.  
Proposal 5: PUCCH transmission for HARQ-ACK or SR should be prioritized over PUSCH transmission if HARQ-ACK or SR is generated after an ongoing PUSCH transmission. 

Dynamic ‘beta_offset’ Determination 

The alternatives from the email discussion for dynamic ‘beta_offset’ determination are either (a) explicit indication by including 2 bits in the UL DCI or (b) implicit indication by other parameters in the UL DCI. 
Implicit determination cannot be a general solution for the ‘beta_offset” determination. This is because the number of REs used for UCI multiplexing in the PUSCH depends only on the data BLER which can vary even for the same data MCS (e.g. depending on the Tx power or the RB allocation). Moreover, prior to the application of the ‘beta_offset’, the number of REs is already scaled by the UCI payload and (inversely) by the spectral efficiency. Implicit determination also implies hard-coded rules which do not allow the network to dynamically adjust target BLERs for the data or the UCI.  

Proposal 6: Dynamic ‘beta_offset’ indication is by 2 bits in the UL DCI format scheduling the PUSCH. 

CSI-only PUSCH 

In LTE, CSI modulation is same as data modulation when data is multiplexed in the PUSCH but is restricted to QPSK for UCI-only PUSCH. This design contradiction was motivated by the fact that UCI-only CSI transmission was indicated by code-points in an UL DCI format (e.g. combination of MCS=29 and number of PRBs <= 4/20 in LTE Rel-8/10) and there were trade-offs with using additional code-points to indicate a modulation scheme. Although this may be OK for single-cell A-CSI transmission, it becomes problematic for multi-cell CSI transmission particularly as CSI payloads have significantly increased since Rel-8 and are further increased in NR. Some modulation schemes, such as 256QAM, may be inappropriate for CSI but whether there is no clear benefit for the modulation scheme to be restricted by specification. 

When HARQ-ACK is multiplexed with CSI, the number of HARQ-ACK coded modulation symbols in LTE is [1]
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 is the number of CQI bits including CRC bits assuming rank 1 for all cells for which aperiodic CSI report is triggered. The above formula results to significant over-dimensioning by almost an order of magnitude for HARQ-ACK coded modulation symbols when the CSI payload is reported for rank larger than 1 and also includes PMI/CRI/RSRP. Again, due to the limited HARQ-ACK payloads in Rel-8, this was not a major concern for the resulting HARQ-ACK overhead. However, this again is a problem for CA operation with large HARQ-ACK codebook sizes that are also expected in NR particularly when CBG-based HARQ-ACK feedback is supported. In NR, similar to UL DCI format directly providing the CSI modulation scheme for transmission in a PUSCH without data, the CSI MCS should also be determined by the UL DCI. Essentially, there should be no functional difference between UL DCI triggering data transmission and UL DCI triggering CSI transmission without data in a PUSCH.

Proposal 7: UL DCI explicitly indicates an MCS for CSI transmission in a PUSCH without data.
Multi-slot PUSCH
Another design aspect for UCI multiplexing in NR relates to slot aggregation. When UCI is multiplexed in a slot among aggregated slots, data BLER in the slot with UCI multiplexing is degraded relative to data BLER in slots without UCI multiplexing. In general, if some DCI fields (e.g. resource allocation, MCS, etc.) are common for all scheduled slots, the data code rate in the slot with UCI multiplexing can be too larger and data decoding is likely to fail.
Proposal 8: Target similar data BLER in slots with UCI multiplexing and in slots without UCI multiplexing for multi-slot PUSCH transmissions.
3 Conclusions

This contribution considered aspects for UCI multiplexing in an UL data channel and proposes the following. 
Proposal 1: LTE Rel-8 operation is baseline for the UL DAI in case of dynamic HARQ-ACK codebook determination. FFS for semi-static HARQ-ACK codebook determination. 

Proposal 2: HARQ-ACK and CSI follow the same RE mapping in a PUSCH. When both HARQ-ACK and CSI exist, the mapping is sequential starting from HARQ-ACK. CSI part-2 is mapped after CSI part-1.
Proposal 3: UCI mapping starts after the DMRS symbol and alternates per symbol between the two ends of the PUSCH bandwidth in a sequential manner either frequency-first around the DMRS(s) or time-first. 

Proposal 4: The number of REs for multiplexing HARQ-ACK or CSI part-1 or CSI part-2 in PUSCH is determined as in LTE without restricting the maximum number of REs (for HARQ-ACK). 

Proposal 5: PUCCH transmission for HARQ-ACK or SR should be prioritized over PUSCH transmission if HARQ-ACK or SR is generated after an ongoing PUSCH transmission. 

Proposal 6: Dynamic ‘beta_offset’ indication is by 2 bits in the UL DCI format scheduling the PUSCH. 

Proposal 7: UL DCI explicitly indicates an MCS for CSI transmission in a PUSCH without data.
Proposal 8: Target similar data BLER in slots with UCI multiplexing and in slots without UCI multiplexing for multi-slot PUSCH transmissions.
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