Page 1

3GPP TSG RAN WG1 Meeting AH 1801







                             R1-1800328
Vancouver, Canada, January 22nd – 26th, 2018
Source: 
Intel Corporation

Title:
UCI multiplexing on PUSCH
Agenda item:
7.3.2.3
Document for:
Discussion and Decision
1 Introduction

At the RAN1#91 meeting, the following agreements and working assumption were made with regard to UCI piggybacked on PUSCH [1]:

Agreements:

· If frequency hopping for PUSCH is enabled, the N1 modulation symbols of HARQ-ACK are partitioned into HARQ-ACK part A and HARQ-ACK part B, where part A has floor(N1/2) and part B has ceiling(N1/2) modulation symbols. HARQ-ACK part A is mapped to the first hop. HARQ-ACK part B is mapped to the second hop.

· If frequency hopping for PUSCH is enabled, the N2 modulation symbols of CSI part 1 are partitioned into CSI part 1A and CSI part 1B, where part 1A has floor(N2/2) and part 1B has ceiling(N2/2) modulation symbols. CSI part 1A is mapped to the first hop. CSI part 1B is mapped to the second hop.

· If frequency hopping for PUSCH is enabled, the N3 modulation symbols of CSI part 2 are partitioned into CSI part 2A and CSI part 2B, where part 2A has floor(N3/2) and part 2B has ceiling(N3/2) modulation symbols. CSI part 2A is mapped to the first hop. CSI part 2B is mapped to the second hop.

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) 

TS38.212 Subclause 6.2.7 and 6.3.2.4 include specifications on uplink data and control multiplexing and rate-matching for UCI on PUSCH, respectively. The specifications are incomplete and UCI mapping on PUSCH without UL-SCH and calculation of number of symbols for each UCI type in case of frequency hopping should be further specified. This contribution discusses UCI multiplexing on PUSCH and provides the draft text proposal to complete the specifications accordingly. 
2 UCI mapping on DM-RS symbols 
As agreed in the RAN1#90 meeting, 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 [2]. Note that for DFT-s-OFDM waveform, data and DM-RS are multiplexed in a TDM manner. To achieve a unified mapping rule regardless of DFT-s-OFDM and CP-OFDM waveform, this indicates that for CP-OFDM waveform, UCI should be multiplexed with DM-RS in TDM manner, i.e., UCI is not mapped on DM-RS symbols. However, in Section 6.2.7 in 38.212 [3], the symbols where UCI can be mapped include DM-RS symbols, which should be corrected accordingly. 
Based on the discussions above, the draft text proposal is provided as follows:

=== Start of text proposal for 38.212 Subclause 6.2.7===
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=== end of text proposal for 38.212 Subclause 6.2.7 ===

3 Number of modulated symbols with frequency hopping
At the RAN1#91 meeting [1], it was agreed that in case of frequency hopping, roughly equal split for UCI symbols in each frequency hop is employed, with the motivation of exploiting the benefit of frequency diversity for UCI transmission. Note that depending on the number of symbols allocated for PUSCH, the number of symbols for PUSCH and hence the number of available REs in two frequency hops can be different. 
In this case, when UCI is transmitted on PUSCH without UL-SCH, equal split of UCI symbols in each hop may lead to unoccupied REs in some symbols or UCI symbols may need to be dropped due to the fact that the number of REs allocated for UCI may not be sufficient. This may not be desirable in terms of spectrum efficiency and degraded UCI decoding performance. 

Figure 1 illustrates one example of UCI mapping on PUSCH in case when different available REs are allocated in two frequency hops. In the example, 1 and 2 symbols, correspondingly 12 and 24 REs are allocated for UCI in the 1st and 2nd frequency hops, respectively. Assuming HARQ-ACK (10 symbols) and CSI part 1 (26 symbols) are transmitted on PUSCH without UL-SCH, with equal split of UCI symbols in each hop, 5 HARQ-ACK symbols are transmitted in the first and second hops, respectively. However, the remaining REs in the first hop is only 7, which is not sufficient for the transmission of CSI part 1. In this case, UE may need to drop a part of CSI part 1 in the first hop. Additionally, the remaining REs in the second hop is 19, which indicates that some REs in the last symbol of second hop may be unoccupied. 
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Figure 1. Different available REs for UCI mapping in two frequency hops
To address this issue, one straightforward solution is to equally split the UCI symbols for some UCI type(s) in case of frequency hopping, while the remaining REs can be allocated directly for the other UCI type. For instance, if HARQ-ACK and CSI part 1 are transmitted on PUSCH without UL-SCH, the number of modulated symbols for HARQ-ACK can be equally split in each frequency hop, while the remaining REs in each hop are allocated for CSI part 1. Similar mechanisms can be applied for other cases, e.g., when HARQ-ACK, CSI part 1 and CSI part 2 are transmitted on PUSCH without UL-SCH, or when CSI part 1 and CSI part 2 are transmitted on PUSCH without UL-SCH. 

Based on the discussion, the draft text proposal with one example is provided as follows:

=== Start of text proposal for 38.212 Subclause 6.2.7===
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if CSI is present for transmission on the PUSCH with UL-SCH, let 
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if HARQ-ACK and CSI part 1 are present for transmission on PUSCH without UL-SCH, let 
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=== end of text proposal for 38.212 Subclause 6.2.7===

Proposal 1
· If UCI is transmitted on PUSCH without UL-SCH, the number of modulated symbols is (roughly) equally split for some UCI type(s), while the remaining REs in each frequency hop are allocated for the other UCI type. 
4 Rate-matching for UCI on PUSCH
At the RAN1#91 meeting [1], method to calculate the amount of resources used for UCI transmission on PUSCH with UL-SCH is agreed. In addition, method to calculate the amount of resources used for HARQ-ACK transmission in case of UCI on PUSCH without UL-SCH is agreed. In the latter case, the number of coded modulation symbols for HARQ-ACK transmission on PUSCH is determined based on the MCS or spectrum efficiency of CSI part 1 and relative beta offset between HARQ-ACK and CSI part 1. 
In Section 6.3.2.4 in 38.212 [3], calculation on the amount of resource used for each UCI type in case when HARQ-ACK, CSI part 1 and CSI part 2 are transmitted on PUSCH without UL-SCH is missing, which needs to be addressed accordingly. To calculate the amount of resources for each UCI type, various options can be considered as follows:
· Option 1: the amount of resources used for HARQ-ACK and CSI part 1 can be determined based on a reference MCS or spectrum efficiency of CSI part 2 and relative beta offset between HARQ-ACK, CSI part 1 and CSI part 2, respectively. Further, the remaining resources can be allocated for the transmission of CSI part 2. Similar to LTE, the reference payload size of CSI part 2 can be the payload size assuming rank equals 1 for all serving cells for which one or multiple aperiodic CSI report(s) are reported. 
· Option 2: the amount of resources used for HARQ-ACK can be determined based on the MCS or spectrum efficiency of CSI part 1 and relative beta offset between HARQ-ACK and CSI part 1. Further, the amount of resources used for CSI part 1 and CSI part 2 can be calculated similar to Option 1. 
· Option 3: the amount of resources used for HARQ-ACK can be determined based on the MCS or spectrum efficiency of both CSI part 1 and reference CSI part 2 and relative beta offset between HARQ-ACK and weighted average of both CSI part 1 and CSI part 2. Further, the amount of resources used for CSI part 1 and CSI part 2 can be calculated similar to Option 1.
As evident from the above options, Option 1 may provide a unified solution to determine the amount of resources for each UCI type in case when CSI part 1 and CSI part 2 with and without HARQ-ACK are transmitted on PUSCH without UL-SCH. In our view, Option 1 is slightly preferred in order to simplify the design and minimize implementation effort. 
Proposal 2
· If HARQ-ACK, CSI part 1 and 2 are transmitted on PUSCH without UL-SCH, the amount of resources used for HARQ-ACK and CSI part 1 are determined based on a reference MCS of CSI part 2 and relative beta offset between HARQ-ACK, CSI part 1 and CSI part 2, respectively. 
· The remaining resources are allocated for CSI part 2.
Based on the discussions above, the draft text proposal with one example is described as follows:

=== Start of text proposal for 38.212 Subclause 6.3.2.4 ===
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For HARQ-ACK and CSI part 1 transmission with CSI part 2 on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK and CSI part 1, denoted as 
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Where
-
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 is the number of HARQ-ACK and CSI part 1 bits, respectively;

-
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is the number of CRC bits for the HARQ-ACK and CSI part 1 bits, respectively;
…
For CSI part 2 transmission with HARQ-ACK and CSI part 1 on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI part 2 transmission
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=== end of text proposal for 38.212 Subclause 6.3.2.4 ===

5 Conclusions

In this contribution, we provide draft text proposals for UCI multiplexing on PUSCH, which are described in above Sections. Further, we summarize the proposals as follows:
Proposal 1
· If UCI is transmitted on PUSCH without UL-SCH, the number of modulated symbols is (roughly) equally split for some UCI type(s), while the remaining REs in each frequency hop are allocated for the other UCI type. 
Proposal 2
· If HARQ-ACK, CSI part 1 and 2 are transmitted on PUSCH without UL-SCH, the amount of resources used for HARQ-ACK and CSI part 1 are determined based on a reference MCS of CSI part 2 and relative beta offset between HARQ-ACK, CSI part 1 and CSI part 2, respectively. 
· The remaining resources are allocated for CSI part 2.
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