Page 1

3GPP TSG RAN WG1 Meeting #92bis


     R1-1804730
Sanya, China, April 16th – 20th, 2018  
Source: 
Intel Corporation

Title:
UCI on PUSCH
Agenda item:
7.1.3.2.3
Document for:
Discussion and Decision
1 Introduction

At the RAN1 AH 1801 meeting, the following agreements and working assumption were made regarding UCI multiplexing on PUSCH [1]:

Agreements

· When piggybacked on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK denoted as 
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, CSI part 1 transmission denoted as 
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, and CSI part 2 transmission denoted as 
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, are determined based on following equations:
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where

· 
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 ={0.5, 0.65, 0.8, 1} is a new RRC configured parameter of two bits, which is configured per UE (per CC)

· FFS whether or not 
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is applicable to the case when there is no UL-SCH

· 
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l

is the symbol index of first available non-DMRS symbol after the first DMRS symbol(s). 

Further, at the RAN1#92 meeting, the following agreements were made with regard to UCI multiplexing on PUSCH [2]:

Agreements:

· Ceiling operation is applied for the UCI resource upper bound computation, as indicated below:
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Agreements:

· When CSI part 2 piggybacked on PUSCH without UL-SCH, lower priority information bits are omitted until CSI Part 2 UCI code rate is below 
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· FFS: (CSI-1 is based on code rate calculated at UE or signalled by gNB in DCI. 

· Note: if 
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is larger than 1, UE consider it is an error case.

Agreements:

· For UCI-only multiplexed on PUSCH without UL-SCH

· Modulation order and code rate are signalled in DCI.

·     Resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH.  

· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.

· FFS: how modulation and code rate are signalled.

In the contribution, we discuss some remaining aspects on UCI multiplexing on PUSCH and provides the draft text proposal to complete the specifications accordingly. 
2 Rate-matching for UCI on PUSCH
At the RAN1 AH 1801 meeting [1], method to calculate the amount of resources used for UCI transmission on PUSCH with UL-SCH is agreed. 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 1
· 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 ===

…

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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, respectively, is determined as follows:
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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 ===

3 Aperiodic CSI on PUSCH without UL-SCH
For aperiodic CSI (A-CSI) on PUSCH without UL-SCH, it was agreed in the RAN1#92 meeting that modulation order and code rate for UCI only on PUSCH are signalled in DCI. Further, resource determination follows the same principle as UCI multiplexing on PUSCH with UL-SCH [2]. To trigger A-CSI on PUSCH without UL-SCH, two options can be considered as follows:
· Option 1: 1-bit field in the DCI is introduced to trigger A-CSI on PUSCH without UL-SCH. 
· Option 2: A-CSI activation on PUSCH without UL-SCH is implicitly indicated by a certain combination of some existing fields in the DCI such as MCS, NDI, RV, HARQ process ID and the amount of the scheduled resource.  
While it is evident that Option 2 would reduce signalling overhead in the DCI, this approach may impose potential scheduling restriction on PUSCH transmission, especially when combining some existing fields to implicitly indicate A-CSI on PUSCH without UL-SCH. For instance, gNB may not be able to schedule the data transmission with HARQ process ID which is reserved for A-CSI triggering on PUSCH. To simplify the design and implementation, it may be more desirable to introduce 1-bit field in the DCI to trigger A-CSI on PUSCH without UL-SCH. 
For NR, it was agreed that for A-CSI on PUSCH triggered by an UL grant without UL-SCH data, the modulation order for PUSCH is handled the same way as the case when PUSCH is with UL-SCH data [4]
. This indicates that higher order modulation, e.g., 16QAM and 64QAM can also be applied for the transmission of A-CSI on PUSCH without UL-SCH. With explicit mechanism for triggering A-CSI on PUSCH without UL-SCH, MCS index can be used to indicate the modulation scheme and code rate for A-CSI on PUSCH, which can also provide a unified solution for both UL-SCH and A-CSI only on PUSCH and much simplify the implementations.  
Proposal 2
· 1-bit indicator in the DCI is used to trigger A-CSI on PUSCH without UL-SCH.
· Modulation scheme and code rate for A-CSI on PUSCH without UL-SCH are determined same as that for PUSCH with UL-SCH. 

4 CSI part 2 omission rule on PUSCH without UL-SCH 
When the amount of resource allocated for CSI part 2 on PUSCH is not sufficient to convey the entire payload of CSI part 2, certain portion of CSI part 2 would be dropped according to the priority rule as defined in Section 5.2.3 in 38.214 [5]. In addition, when the UE is scheduled to transmit a transport block on PUSCH multiplexed with a CSI report, Part 2 CSI is omitted only when the UCI code rate for transmitting all of Part 2 would be greater than a threshold code rate 
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 is the target PUSCH code rate from Table 6.1.4.1-1.
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 is the CSI offset value from Table 9.3-2 of [6, TS 38.213].

At the RAN1#92 meeting, it was agreed that in case of CSI part 2 on PUSCH without UL-SCH, a threshold code rate is determined according to the target code rate of CSI part 1 and beta offset difference between CSI part 1 and part 2 [2]. In addition, two options can be considered to determine the target code rate of CSI part 1. One option is to calculate the target code rate based on the allocated resources and payload size of CSI part 1 on PUSCH. It is undecided on how to calculate the allocated resources for CSI part 1 in case when only CSI part 1 and part 2 are present on PUSCH. As mentioned above, a reference payload size of CSI part 2 may be used to determine the number of REs allocated for the transmission of CSI part 1 on PUSCH. Accordingly, the target code rate of CSI part 1 and thus threshold code rate of CSI part 2 can be derived based on the reference payload size of CSI part 2. 
Alternatively, the target code rate of CSI part 2 may be explicitly signaled in the DCI, e.g., using MCS index. As mentioned above, 1-bit field in the DCI can be defined to trigger A-CSI on PUSCH without UL-SCH. In this case, MCS index can be used to indicate the target code rate of CSI part 1. This approach is similar to the omission rule for CSI part 2 when CSI part 1 and part 2 are piggybacked on PUSCH with UL-SCH, where target code rate is derived based on MCS index. Taking into account the simplified implementation and potential unified solution for with and without UL-SCH, it may be more desirable to signal the target code rate of CSI part 1 in the DCI. 
Proposal 3
· (CSI-1 is signalled in the DCI using MCS index.
5 HARQ-ACK on configured grant uplink transmission 

At the RAN1 AH 1801 meeting, it was agreed that UCI on PUSCH with configured grant is supported [1]. Note that in DCI format 0_1, UL DAI is included to indicate the number of HARQ-ACK feedback bits on PUSCH, with the main motivation of avoiding ambiguity between gNB and UE, e.g., on whether PUSCH is rate-matched with or punctured by HARQ-ACK. This mechanism, however, may not be available for configured grant uplink transmission, which may result in misalignment between gNB and UE on the number of HARQ-ACK bits. In case when HARQ-ACK feedback bits are multiplexed on PUSCH with configured grant, gNB may not be able to decode the data successfully. For URLLC application using configured grant transmission, this would result in undesirable latency.
For Type 2 configured grant uplink transmission, DCI carrying activation of UL grant free transmission may include the UL DAI, which can be used to indicate the number of HARQ-ACK feedback bits at least for initial transmission. For other transmissions, including Type 1 configured grant uplink transmission and Type 2 configured grant uplink subsequent transmission after initial transmission, certain mechanisms may need to be defined.

To ensure alignment between gNB and UE on the number of HARQ-ACK feedback bits, one straightforward approach is to always apply rate-matching for HARQ-ACK on PUSCH regardless of the number of actually transmitted HARQ-ACK bits. Further, certain reserved REs for HARQ-ACK may be defined, which can follow the design principle for less than 3 HARQ-ACK bits multiplexed on PUSCH. The size of reserved REs can be determined according to a configured HARQ-ACK payload size and configured/indicated beta offset. 
Proposal 4
· For Type 2 configured grant uplink initial transmission, the number of HARQ-ACK bits is determined by UL DAI in activation of Type 2 configured grant uplink transmission.
· For Type 1 and Type 2 (subsequent transmissions after initial transmission) configured grant transmission, PUSCH is always rate-matched around HARQ-ACK. Further, reserved REs can be defined assuming a configured HARQ-ACK payload size and beta offset.
6 Conclusions

In this contribution, we discussed some remaining aspects on UCI multiplexing on PUSCH. Further, we summarize the proposals as follows:
Proposal 1
· 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.
Proposal 2
· 1-bit indicator in the DCI is used to trigger A-CSI on PUSCH without UL-SCH.
· Modulation scheme and code rate for A-CSI on PUSCH without UL-SCH are determined same as that for PUSCH with UL-SCH. 

Proposal 3
· (CSI-1 is signalled in the DCI using MCS index.
Proposal 4
· For Type 2 configured grant uplink initial transmission, the number of HARQ-ACK bits is determined by UL DAI in activation of Type 2 configured grant uplink transmission.
· For Type 1 and Type 2 (subsequent transmissions after initial transmission) configured grant transmission, PUSCH is always rate-matched around HARQ-ACK. Further, reserved REs can be defined assuming a configured HARQ-ACK payload size and beta offset.
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