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1.	Introduction
In RAN plenary #75, WID on new radio (NR) has been approved [1]. The NR work item targets to specify the NR functionalities for both enhanced mobile broadband (eMBB) as well as for ultra-reliable low-latency-communication (URLLC) as defined in TR38.913 [2]. Frequency ranges up to 52.6 GHz are considered under the NR work item. 
In order to minimize the scheduler complexity, there is a need to support UCI (such as HARQ-ACK) transmission simultaneously with UL data. According to agreements made in RAN1#87 [3] and in RAN1#90 [5] multiplexing of UCI and UL data on PUSCH resources is supported. In this contribution we address the UCI multiplexing in more detail. 
2.	HARQ-ACK codebook size determination 
In RAN1#90bis [6], it was agreed that: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 NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration. Note: the “by-configuration” is also applicable to the CA case
Agreements: Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration
· HARQ-ACK codebook determination based on counter DAI and total DAI
· Use LTE as starting point
· FFS details


Further, DL assignments that are received later than UL grant are not mapped to the same time instance for HARQ-ACK transmission on PUSCH in Rel-15. 
Focusing first to TB-based transmission, we see that the UL DAI included to UL grant should represent the total number of PDSCHs for which UE reports HARQ-ACK on the PUSCH. In other words, UE would report HARQ-ACK on PUSCH according to the counter DAIs on DL assignments and UL DAI on the UL grant. We see that UL DAI is needed for example to indicate that HARQ-ACK is mapped to PUSCH, especially when only 1 or 2 PDSCHs are scheduled to UE. Use of UL DAI prevents the error case from UE missing the DL assignments and not knowing that HARQ-ACK should be mapped to PUSCH. This case is valid for both semi-static and dynamic codebook. We further see that 2-bit DAI provides sufficient robustness.
Considering CBG-based transmission with dynamic HARQ-ACK codebook, we propose in [7] that separate DAI processes (with corresponding counter DAIs and total DAIs) are associated to TB-based PDSCHs and CBG-based PDSCHs; the reported HARQ-ACK codebook contains HARQ-ACK sub-codebooks determined separately for TB-based PDSCHs and CGB-based PDSCHs. The proposed approach is a reliable and flexible mechanism for dynamic codebook adaption, with acceptable increase in control signaling overhead. For this, we see following options for UL DAI operation with CBG-based transmissions:
· 4-bit UL DAI that is composed of two 2-bit UL DAIs determined separately for TB-based and CBG-based PDSCHs. The 2-bit UL DAIs would represent the total number of TB-based PDSCHs as well as the total number of CBG-based PDSCHs for which UE reports HARQ-ACK on the PUSCH. 
· 2-bit UL DAI where the bits indicate separately the presence (or absence) of TB-based and CBG-based sub-codebooks. If UL DAI indicates a presence of sub-codebook, but UE has not received any PDSCH associated with that codebook, UE reports a sub-codebook of a minimum size [7]. Otherwise the sub-codebook size is determined based on total DAI and counter DAI on the DL assignments.
We see that both options are feasible. Our preference is a 4-bit UL DAI that is composed of two 2-bit UL DAIs determined separately for TB-based and CBG-based PDSCHs.
Proposal 1: In the case of TB-based PDSCHs, 2-bit UL DAI in UL grant represents the total number of PDSCHs for which UE reports HARQ-ACK on the PUSCH. UE reports HARQ-ACK on PUSCH according to the counter DAIs on DL assignment(s) and UL DAI on the UL grant. 
Proposal 2: When both TB-based and CBG-based (re)transmissions are configured for the UE, 4-bit UL DAI is composed of two 2-bit UL DAIs that are determined separately for TB-based and CBG-based PDSCHs. The 2-bit UL DAIs represent the total number of TB-based PDSCHs as well as the total number of CBG-based PDSCHs for which UE reports HARQ-ACK on the PUSCH. 
3.	UCI mapping on PUSCH
In RAN1#90 [5] and RAN1#90bis [6], the following agreements, among others, were reached:Agreements: For frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform
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:
· 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: 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)


Additionally, it was agreed in email discussion [90b-NR-28] that when HARQ-ACK piggyback on PUSCH, the same rule is applied to map encoded HARQ-ACK bits to HARQ-ACK REs, regardless of HARQ-ACK puncture or rate match PUSCH, and that 
· HARQ-ACK avoids puncturing PT-RS.
· Down select to one from the following two alternatives
· [bookmark: _Hlk498463424]Alt. 1: Map HARQ-ACK to REs around DMRS symbol(s)
· Alt. 2: Map HARQ-ACK to REs across as many symbols within PUSCH (excluding DMRS symbol) as possible in both frequency hops if applicable.
We compared the performance of the alternatives for 30 km/h and 120 km/h velocities with two DMRS symbols and 8 HARQ-ACK bits. Other main simulation assumptions are shown on Table 1 in Appendix 2. From the results shown in Figure 1 it is seen that both options provide similar performance. Both options benefit also from possible frequency hopping as HARQ-ACK is mapped around both DMRS symbols in Alt.1. However, Alt. 1. can provide latency benefit as the UCI processing can start before the end of slot. One difference between Alt. 1. and Alt. 2. occurs in the puncturing of code blocks. However, given the maximum code block size of 8448 bits, the minimum code block size is 4248 bits in a transmission containing multiple code blocks. As the puncturing is limited to 1 or 2 HARQ-ACK bits, one can expect that typically around 1% or less of the code block bits are punctured. Any differences in the distribution of punctured bits are not expected to results in clear performance differences. With a lack of any clear benefit from Alt. 2, we support Alt.1. 
Proposal 3: Map HARQ-ACK to REs around DMRS symbol(s )
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Figure 1. BER for 8-bit HARQ-ACK with RE mapping alternatives 1 and 2. Results for UCI coding rates ½, ¼ and 1/6 are shown for 30 km/h (Figure 1a) and 120 km/h (Figure 1b) UE velocities  
Next we consider the frequency domain details of HARQ-ACK mapping. The mapping of ACKs to REs distributed across PUSCH allocated RBs should be defined so that frequency diversity can be achieved (or maximized) already with a small number of UCI resource elements. The mapping can be based on the use of separate frequency domain clusters within the PUSCH allocation. The number of frequency domain clusters and the mapping pattern can be based e.g. on following basic approaches: 
· The number of frequency domain clusters may be fixed, and location of them scales with the number of PRBs allocated for PUSCH. There is a minimum spacing between the clusters, and the number of clusters is reduced for narrow PUSCH allocations. This achieves high frequency diversity even with small number of UCI resources elements.
· The spacing between frequence domain clusters is fixed, and the number of clusters scales with the number of PRBS allocated for PUSCH. This results in somewhat simpler logical mapping
Examples of such distributed mapping patterns are shown in Figures 3 and 4 (in Appendix 2) for 4 and 16 PRB allocations. A fixed number of frequency domain clusters (four) is assumed in Figures 3a) and 4a), while a fixed spacing (1 PRB) of frequency domain clusters is assumed in Figures 3b) and 4b). 8 REs are used for HARQ-ACK in the considered examples. It can be noted:   
· In case of narrow allocation, e.g. 1 PRB, both options may fallback to simple frequency-first-time-second mapping, as the allocation is too narrow for meaningful distributed mapping (not shown in figures).
· For 4 PRB case, the difference between the approaches is in the order that UCI symbols are mapped.
· For 16 PRB case, one can see that higher frequency diversity is achieved with fixed number of frequency domain clusters for small UCI payloads.
We compared the performance of these mapping alternatives with fixed 1 PRB spacing between clusters as well as with fixed number of 4 frequency domain clusters. Other main simulation assumptions are shown on Table 2 in Appendix 2. From the results shown in Figure 2, the mapping with a fixed number of frequency domain clusters is seen to provide clear performance gain over the mapping with a fixed spacing of frequency domain clusters. 
Proposal 4: On frequency domain, map HARQ-ACK to REs on a fixed number of frequency domain clusters.
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a)  																	b)
Figure 2. BLER for 4-bit HARQ-ACK with RE mapping scheme 1 (fixed 4 frequency clusters) and scheme 2 (fixed 1 PRB spacing between clusters). Results for coding rates ½, ¼ and 1/6 are shown for TDL-A, 30ns (Fig. a) and TDL-A, 300ns (Fig. b)  
Next we address the time domain details of HARQ-ACK mapping. To benefit from the possibly configured frequency hopping, HARQ-ACK should be mapped to both frequency hops. This can be done simply by mapping HARQ-ACK to the first PUSCH symbol after the first DMRS symbol on both frequency hops and, if necessary, extending the mapping to the following PUSCH symbols (not carrying any reference signal). Symbol level block interleaver can be used to map the HARQ-ACK symbols to the PUSCH symbols.
Proposal 5: If frequency hopping is enabled for PUSCH, UCI is mapped to the first PUSCH symbol after the first DMRS symbol on both frequency hops and extending the mapping to the following PUSCH symbols when necessary.
Considering the SR, CSI and L1-RSRP reporting with HARQ-ACK, our preferences are following:
· HARQ-ACK/SR, CSI part 1 and L1-RSRP report are jointly mapped to the REs. Separately encoded CSI part 1 and L1-RSRP report are appended to the end of HARQ-ACK/SR before mapping. 
· CSI part 2, when present, is mapped to the next symbol after HARQ-ACK/SR/CSI part 1/L1-RSRP report. The mapping is extended to the following PUSCH symbols when necessary. In the case of frequency hopping, CSI part 2 is mapped to the both frequency hops.
We outline a mapping procedure in Appendix 1.
Proposal 6: HARQ-ACK/SR, CSI part 1 and L1-RSRP report are jointly mapped to the REs.
Proposal 7: CSI part 2, when present, is mapped to the next symbol after HARQ-ACK/SR/CSI part 1/L1-RSRP report. The mapping is extended to the following PUSCH symbols when necessary.

[bookmark: _GoBack]4.	Resource dimensioning for UCI 
In previous RAN1 meetings and following email discussion [90b-NR-41], the following agreements, among others, were reached on beta offsets:Agreements:
· For UCI on PUSCH, support both dynamic and semi-static beta offset indication
· FFS the applicable case(s) for dynamic vs. semi-static indications
Agreements:
· For dynamically scheduled PUSCH transmission, a plurality sets of beta_offset values can be configured by RRC signalling, and PDCCH can dynamically indicate an index to a set. 
· Each set contains a plurality of entries, each corresponding a respective UCI type (including two-part CSI when applicable) 
· FFS the case when the index is not present in DCI
· The beta-offset is used to compute the amount of REs for each respective UCI on PUSCH similar to LTE
· The set of beta-offset values for each respective UCI use the respective set of values as in LTE as a baseline
· The values are subject to refinement especially taking into account different UL waveforms, differen UCI multiplexing mechanisms (puncturing vs. rate matching), etc.
· FFS impact of UL MIMO
· The number of sets of beta-offset values is to be down-selected between 2 or 4
· Implying 1 or 2 bits in DCI respectively
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. 


The used beta offset can be now indicated both in semi-static and dynamic manner. Even with semi-static indication, providing baseline solution, separate beta offsets are configured for different coding schemes / payload sizes. The option of dynamic indication provides additional, forward compatible, flexibility on beta offset setting. By bounding the dynamic beta offset selection to MCS, PUSCH rank, or some other DCI parameter would significantly limit the selection freedom and, also, question the need for dynamic indication in addition to the semi-static indication. Further, specifying an implicit method that sustains the flexibility and forward compatibility of dynamic indication is challenging especially in the light of NR WI schedule. Instead, we prefer to support a solid baseline indication with the semi-static approach and highly flexibile dynamic indication not depending on the other DCI parameters.         
Proposal 8: In the case of dynamic beta offset indication, the used beta offset set is explicitly indicated with 2 bits in the non-fallback DCI.
5.	Conclusions 
In this contribution, we have discussed the design of UCI multiplexing on PUSCH. Based on the discussion, we make the following proposals:
Proposal 1: In the case of TB-based PDSCHs, 2-bit UL DAI in UL grant represents the total number of PDSCHs for which UE reports HARQ-ACK on the PUSCH. UE reports HARQ-ACK on PUSCH according to the counter DAIs on DL assignment(s) and UL DAI on the UL grant. 
Proposal 2: When both TB-based and CBG-based (re)transmissions are configured for the UE, 4-bit UL DAI is composed of two 2-bit UL DAIs that are determined separately for TB-based and CBG-based PDSCHs. The 2-bit UL DAIs represent the total number of TB-based PDSCHs as well as the total number of CBG-based PDSCHs for which UE reports HARQ-ACK on the PUSCH. 
Proposal 3: Map HARQ-ACK to REs around DMRS symbol(s)
Proposal 4: On frequency domain, map HARQ-ACK to REs on a fixed number of frequency domain clusters.
Proposal 5: If frequency hopping is enabled for PUSCH, UCI is mapped to the first PUSCH symbol after the first DMRS symbol on both frequency hops and extending the mapping to the following PUSCH symbols when necessary.
Proposal 6: HARQ-ACK/SR, CSI part 1 and L1-RSRP report are jointly mapped to the REs.
Proposal 7: CSI part 2, when present, is mapped to the next symbol after HARQ-ACK/SR/CSI part 1/L1-RSRP report. The mapping is extended to the following PUSCH symbols when necessary.
Proposal 8: In the case of dynamic beta offset indication, the used beta offset set is explicitly indicated with 2 bits in the non-fallback DCI.
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Appendix 1 – outline of UCI mapping procedure
In below, the proposed UCI mapping procedure is outlined.
Mapping for HARQ-ACK/SR, CSI part 1 and/or L1-RSRP report:
· Symbols of separately encoded CSI part 1 and L1-RSRP report are appended to the end of symbols of encoded HARQ-ACK/SR.
· In the case of PUSCH frequency hopping enabled, the symbol vector is split into two symbol vectors: odd symbols are mapped to first symbol vector, and even symbols are mapped to second symbol vector.
· Number of clusters is given by  
· Cluster PRB offset to the lowest allocated PRB is given by ,  
· For the first symbol vector:
· Subcarrier offset relative to the lowest allocated subcarrier is initialized as .
· OFDM symbol index l is initialized to be the OFDM symbol right after the first DMRS symbol 
· Cluster index is initialized with .
· For a symbol index looping through the first symbol vector
· The indexed symbol on the symbol vector is mapped on subcarrier  on OFDM symbol l if subcarrier  is not reserved for PT-RS.
· if subcarrier  is reserved for PT-RS, then UCI symbol is not mapped and symbol index is not incremented.
·  
· If , then 
· If , then  is incremented to next OFDM symbol not containing DMRS
· End 
· In the case of frequency hopping, the second symbol vector is mapped using the same procedure as for the first symbol vector, but initialising the OFDM symbol index l to be the OFDM symbol right after the first DMRS symbol on the second frequency hop. 
Mapping for CSI part 2 follows similar mapping procedure, except the OFDM symbol is initialized to the next PUSCH symbol after the symbol containing HARQ-ACK/SR, CSI part 1 and/or L1-RSRP report.
Appendix 2
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a) 														b)				
Figure 3. Example on UCI multiplexing with UL data for 4 PRB allocation, either a) with fixed number of clusters or b) fixed spacing with clusters.
[image: ]
a) 																	b)
Figure 4. Example on UCI multiplexing with UL data for 16 PRB allocation, either a) with fixed number of clusters or b) fixed spacing with clusters.


Table 1. Main simulation parameters for Figure 1.
	Parameter
	Value

	Number of Tx antennas
	1

	Number of Rx antennas
	2

	Waveform
	CP-OFDM

	Channel
	TDL-A 300 ns, 30 km/h, 120 km/h

	Carrier bandwidth
	20 MHz

	Carrier frequency
	4 GHz

	Channel estimation method
	MMSE

	DMRS overhead
	2 symbols

	Coding rate
	½, ¼, 1/6 

	Channel coding
	Polar

	Number of ACK bits
	8

	Subcarrier spacing
	15 kHz

	PRBs
	25



Table 2. Main simulation parameters for Figure 2.
	Parameter
	Value

	Number of Tx antennas
	1

	Number of Rx antennas
	2

	Waveform
	CP-OFDM

	Channel
	TDL-A 30 ns, TDL-A 300 ns, 3 km/h

	Carrier bandwidth
	20 MHz

	Carrier frequency
	4 GHz

	Channel estimation method
	MMSE

	DMRS overhead
	1 symbol

	Coding rate
	½, ¼, 1/6 

	Channel coding
	Polar

	Number of ACK bits
	4

	Subcarrier spacing
	15 kHz

	PRBs
	50
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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.    o   FFS details of DAI mechanism    o   FFS: how to enhance DAI mechanism to support CBG based transmission   Agreements:   For NR  non - CA, both semi - static and dynamic HARQ - ACK codebook are supported by  configuratio n .   Note : the “by - configuration” is also applicable to the CA case   Agreements:   Dynamic HARQ - ACK codebook (per PUCCH group) for the case without CBG configuration   o   HARQ - ACK co debook determination based on counter DAI and total DAI      Use LTE as starting point      FFS details  

