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1 Introduction

In 3GPP RAN Plenary #78 meeting, the first release of specification for NR RAN1 has been adopted. But in the specification, some details on UCI piggyback are still unclear. To complete the specification, in this contribution, we will give our views on remaining details of UCI piggyback on PUSCH. Some of the agreements of previous meetings are summarized in the appendix.
2 Mapping of UCI

2.1 Reserved HARQ-ACK REs
In the last meeting, the reserved REs for HARQ ACK was agreed to be supported if the number of HARQ-ACK bits is not more than 2 bits. However, the number of reserved REs, including the mapping pattern needs to be determined. We give our analysis of the reserved REs as follows.

The motivation of reserved REs for HARQ-ACK is to avoid CSI part 1 being punctured by HARQ-ACK. Actually, DAI mechanism has been adopted to avoid the misalignment on payload size between the gNB and the UE for both semi-static codebook and dynamic codebook. However, the DAI field may not exist in the fallback DCI, thus, reserved REs will play an important role to avoid CSI part 1 being punctured in this case. The straightforward method is to keep the REs for the largest payload, i.e., 2 bits as reserved. Since beta factor can be obtained either explicitly or implicitly, we can calculate the number of reserved REs for HARQ ACK with the existing formula as follows by setting 
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 as 2 bits with the indicated/configured beta factor:
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 (1)
If the actually transmitted REs is a subset of the reserved REs, CSI part 1 will not be punctured by HARQ-ACK. However, this assumption may not exist if the actually transmitted HARQ-REs are not a subset of the reserved HARQ-ACK REs due to different mapping pattern for different numbers of HARQ-ACK REs between the reserved HARQ-ACK REs and actually transmitted HARQ-ACK REs. Then there is a risk that the actually transmitted HARQ-ACK REs is not covered by the reserved REs. As shown in Figure 1, assume 1 RB is allocated for PUSCH. Here, 4 REs are mapped with 1 bit HARQ-ACK in actual transmission in Figure 1(a), and 6 REs are reserved with 2 bit HARQ-ACK in Figure 1(b). The REs 1 and 3 in Figure 1(a) for actual transmission do not overlap with the reserved REs, and the CSI part 1 might be punctured in this case.
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Figure 1. Independent mapping between actually transmitted REs and reserved REs
Two options can be adopted to deal with this problem:

Option 1: The REs used for actual HARQ-ACK transmission are selected from the reserved REs, which is calculated by always assuming 2 HARQ-ACK bits. In this way, if 4 REs are needed for HARQ-ACK transmission, the actually transmitted REs 0,1,2,3 are located in the same position of reserved REs 0,1,2,3 in Figure 1(b).  The performance of diversity for actual transmission will be degraded to some extent. In addition, since the mapping of actually transmitted HARQ-ACK REs is determined by the number of reserved REs, more specification efforts are needed. And the beginning REs of mapping CSI part 1 highly depends on the number of reserved REs.
Option 2: The number of reserved REs is obtained by taking the ceiling operator on the number of reserved REs obtained by formula (1) in granularity of the number of subcarriers of the scheduling PUSCH:
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  (2).
That implies that reserved RE for HARQ-ACK will take a number of whole symbols. In this option, the starting position of CSI part 1 is fixed at the beginning of the symbols without reserved HARQ-ACK REs. The chance of CSI part 1 misdetection can be further reduced compared with Option 1. We prefer Option 2 considering the specification efforts and the robustness of CSI part 1.

Proposal 1: For reserved REs of HARQ-ACK:

· The number of reserved REs is determined by formula (1) and (2) by setting 
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 as 2 bits with the indicated/configured beta factor.
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· The mapping of reserved REs is always continuous in a frequency first method.
2.2 UCI on DMRS symbols
To improve the spectrum efficiency, the DMRS and data multiplexing in one symbol has already been supported for CP-OFDM waveform by DCI indication. For example, if the DCI indicates the DMRS occupies 4 REs on one symbol for the UE, then the left 8 REs can be adopted by data. In the case of UCI piggyback on PUSCH, it is agreed that the HARQ-ACKs are mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s). And the CSI part 1 and CSI part 2 are mapped starting on the first available non-DMRS symbol. Thus, whether HARQ-ACK can be mapped onto the non-DMRS REs indicated by DCI on additional DMRS symbol(s), and whether CSI part 1 and part 2 can be mapped onto the non-DMRS REs indicated by DCI on both front loaded and additional DMRS symbol(s), should be further clarified. Actually, if more resources can be allocated to UCI, the performance of UCI can be further improved by a lower code rate. Further, it is noted that UCI may be transmitted on PUSCH without UL-SCH. In this case, if UCI is not mapped to non-DMRS REs in the DMRS symbols, spectral efficiency is reduced and performance degradation is expected. Thus, we prefer to support that the non-DMRS REs indicated by DCI can be allocated to UCI for CP-OFDM waveform. 
Proposal 2: Support UCI being mapped onto the non-DMRS REs on DMRS symbol indicated by DCI for CP-OFDM waveform.
2.3 Number of REs for UCI
In TS38.212, take CSI part 2 as an example, the number of coded modulation symbols per layer for CSI part 2 transmission, denoted as 
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 (3)

In the formula above, if the number of bits for CQI/PMI after adding CRC, which is 
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, the number of available REs will be the right term of the formula by the min operation. In this case, all scheduled REs will be occupied by the UCIs, and the data will not be allocated with any resource. In LTE, this problem may not be serious since the number of bits for CQI/PMI is limited. But in NR, considering the increasing payload of UCI, the probability of  
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 becomes larger. It is important to allocate enough resources with balanced performance between UCI and data. However, the current formula of (1) cannot satisfy this requirement. One may argue that in this case, the scheduler will allocate more resources to contain both UCI and data. Unfortunately, the formula itself prevents this to happen . This is because if 
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, even with  more resources allocated, it will be all allocated to UCI by the min operation since 
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 is larger than 1. To solve this problem, we propose to adopt the payload ratio of UCI and data as a baseline, as shown in Formula (2). Then 
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 can be adopted to lower the coding rate of UCI.
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Proposal 3: Adopt the payload ratio of UCI and data as a baseline to divide the RE resources for UCI and data.
2.4 Beta factor determination

For the case of UL MIMO in NR, up to 4 layers are mapped to one codeword. Therefore there is always a single codeword PUSCH transmission scheduled by a PDCCH at least in Rel-15. With multi-layer PUSCH transmission, the receiver at the gNB needs to deal with the inter-layer interference and the choices of receiver is up to the implementation. Comparing to data TB on PUSCH, UCI on PUSCH mapping to MIMO layers can be significantly different. In addition, PUSCH with higher number of layer and modulation level may be mapped to a relatively small number of PRBs resulting in less frequency diversity comparing to the case with single layer transmission. Furthermore, the receivers for PUSCH data TB and UCI can be different based on gNB implementation considering different interference condition and target decoding timeline and BLER. Therefore, for different number of layers of PUSCH transmission, i.e. rank, the difference of the effective channel quality between PUSCH TB and UCI varies with rank. Hence it is desirable to have the beta factor dependent on the rank of PUSCH. For example, since four sets of beta factors have already been configured by the higher layer parameter, we can assume that one set is associated with rank=1 and another set is associated with rank >1. And in this way, the beta factor can be determined in an implicit way according to the rank of PUSCH. Therefore, even though using 2 bits in the non-fallback DCI to indicate one out of 4 sets of Beta_offset values is the working assumption from RAN1 #91 meeting, we still feel the following proposal shall be considered
Proposal 4: Support the implicit method to select beta factor based on rank of PUSCH.

3 Conclusion

Proposal 1: For reserved REs of HARQ-ACK:

· The number of reserved REs is determined by formula (1) and (2) by setting 
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 as 2 bits with the indicated/configured beta factor.
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· The mapping of reserved REs is always continuous in a frequency first method.
Proposal 2: Support UCI being mapped onto the non-DMRS REs on DMRS symbol indicated by DCI for CP-OFDM waveform.
Proposal 3: Adopt the payload ratio of UCI and data as a baseline to divide the RE resources for UCI and data.
Proposal 4: Support the implicit method to select beta factor based on rank of PUSCH.

Appendix
In RAN1#91 meeting, the following agreements on UCI piggyback on PUSCH are achieved [1].

Agreements:
· Detail UCI mapping rule on PUSCH is as follows:

· Map HARQ-ACK to REs around DMRS symbol(s)

· If PUSCH punctured by HARQ-ACK,

· Map CSI part 1 starting after certain amount of reserved HARQ-ACK REs. 

· FFS reserved HARQ-ACK REs 

· PUSCH can be mapped to reserved REs

· If PUSCH rate matched by HARQ-ACK,

· map HARQ-ACK first, followed by CSI part1. 

· FFS: how to map CSI part 2, e.g.,

· Map CSI part 2 after CSI part 1

· Map CSI part 2 after UL_SCH

Agreements:

· Modulated HARQ-ACK symbols are mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PUSCH transmission.

· Modulated CSI part 1 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.

· CSI part 1 is not mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH

· CSI part 1 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.

· Modulated CSI part 2 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.

· CSI part 2 can be mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH.

· CSI part 2 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.

· CSI part 2 is not mapped on the CSI part 1 REs.

Working assumption:

· UCI mapping in frequency domain follows the rules below:

· Given a UCI type, on i-th OFDM symbol, modulated UCI symbols are mapped to REs in a distributed manner with distance d determined as following:

· d =1, if the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i is larger or equal to the number of available REs in this OFDM symbol.

· d = floor(number available REs on i-th OFDM symbol/the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i) 

Agreements:

· For UCI on PUSCH with UL-SCH, the amount of resources used for HARQ-ACK is calculated based on the following equation.
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where 
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 is the number of ACK/NACK bits, 
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 is the scheduled bandwidth for PUSCH transmission in the current PUSCH transmission period for the transport block, expressed as a number of subcarriers. 
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 are obtained from the PDCCH scheduling the PUSCH transmission. 
[image: image25.wmf]PUSCH

symb

N

is the number of OFDM symbols in the PUSCH transmission duration excluding DMRS. REs occupied by PTRS are also excluded. 
· FFS: if an upper bound on the number of symbols for HARQ-ACK resource is needed

Agreements:

· For UCI on PUSCH with UL-SCH, the amount of resources used for CSI part 1 is calculated based on the following equation.
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where 
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 is the number of bits for CSI part 1, 
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 is the number of CRC bits. 
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 for CSI part 1. 
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 is the scheduled bandwidth for PUSCH transmission in the current PUSCH transmission period for the transport block, expressed as a number of subcarriers. 
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 are obtained from the PDCCH scheduling the PUSCH transmission. 
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is the number of OFDM symbols in the PUSCH transmission duration excluding DMRS. REs occupied by PTRS are also excluded. 

· FFS: any additional modification of above formula for specific services 

Working assumption:

· For UCI on PUSCH with UL-SCH, the amount of resources used for CSI part 2 is calculated based on the following equation.
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where 
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 is the number of bits for CSI part 2, 
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 is the number of CRC bits. 
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 for CSI part 2. 
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 is the scheduled bandwidth for PUSCH transmission in the current PUSCH transmission period for the transport block, expressed as a number of subcarriers. 
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 are obtained from the PDCCH scheduling the PUSCH transmission. 
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is the number of OFDM symbols in the PUSCH transmission duration excluding DMRS. REs occupied by PTRS are also excluded.

· FFS: any additional modification of above formula for specific services 

· FFS: any additional modification of the above formula in case of HARQ-ACK puncture CSI-part2

Agreement:
At least the following information is included in DCI as part of downlink DMRS port assignment:

· Scheduled downlink DMRS ports

· Potential presence of co-scheduled downlink DMRS CDM groups for rate matching

· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not

· There are no dedicated bits for rate matching around DMRS CDM group(s)

At least the following information is included in DCI as part of uplink DMRS port assignment for CP-OFDM:

· Scheduled uplink DMRS ports

· Uplink DMRS CDM groups for rate matching

· There are no dedicated bits for rate matching around DMRS CDM group(s)
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