3GPP TSG RAN WG1 Meeting #90bis
R1-1717134
Prague, Czech Republic, 9-13 October 2017
Agenda Item:
6.2.1.2.3.1
Source:
Huawei, HiSilicon
Title:
sPUCCH design
Document for:
Discussion and decision 
1 Introduction

In the previous meetings, a lot of agreements are achieved on sPUCCH, which can be found in [1] and [2]. Here we only list some agreements related to what we will discuss in this paper.

In RAN1#90 meeting, the following agreements are achieved:
· The sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.

· ACK/NACK information map to different sPUCCH resource

· NOTE: sPUCCH resource consist of RB index and cyclic shift

· When positive SR and 1-bit HARQ-ACK are to be transmitted on 2/3-symbol sPUCCH in the same sTTI, one of the options can be supported:

· Two sPUCCH resources are configured for SR+HARQ and two sPUCCH resources are configured for only HARQ.
In RAN1#89 meeting, the following working assumption and agreements are achieved:
· For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 2os/3os sTTI

· Reuse legacy DMRS sequence generation

· The DMRS is in the first symbol for 2/3OS sPUCCH

· the number of RB(s) is configured by higher layer signaling as a value from 1 to X, FFS X.

· FFS on whether IFDMA is used

In this contribution, we discuss PUCCH design for short TTI. Note that enhanced PUCCH for short TTI is called as sPUCCH in this paper and is applied for both FDD and TDD.
2 sPUCCH based on 2/3-symbol sTTI

2.1 For up to 2-bit ACK/NACK and SR (if any)
In RAN1#89 meeting, it was agreed that two sPUCCH resources are configured for SR+HARQ when positive SR and 1-bit HARQ-ACK are to be transmitted on 2/3-symbol sPUCCH in the same sTTI and two sPUCCH resources are configured for only HARQ. There are still two issues which need to be resolved:

· collision between SR and 2-bit HARQ-ACK
If two codewords for 2/3-symbol sPDSCH is supported, when positive SR and 2-bit HARQ-ACK for two codewords are to be transmitted on 2/3-symbol sPUCCH in the same sTTI, there are three options:
· Option 1: spatial bundling is always applied for HARQ-ACK feedback in SR subframes. 

· Option 2: spatial bundling is applied for HARQ-ACK feedback in SR subframes when there is a positive SR. 

· Option 3: Four sPUCCH resources are configured for SR+HARQ and four sPUCCH resources are configured for only HARQ.

Option 3 needs more sPUCCH resources, which is not appropriate. In addition, since the periodicity of SR on sPUCCH can be very small, if spatial bundling is always operated which will reduce the benefit of configuring two codewords. Therefore, option 1 is not preferred.

Proposal 1: When a positive SR collides with 2-bit HARQ-ACK feedback for two codewords, spatial bundling is operated for HARQ-ACK feedback.

· Only positive SR transmission
Since there are two sPUCCH resources, for only positive SR request, i.e. no HARQ-ACK feedback, how to transmit SR needs to be defined. There are two options:

· Option 1: The same sPUCCH resource is reserved for only SR case and ACK+SR case

· Option 2: The same sPUCCH resource is reserved for only SR case and NACK+SR case
With option 1, if a UE misses an sDCI for scheduling sPDSCH and needs to send a positive SR at the same time, the UE will send signal on sPUCCH resource reserved for only SR which is the same as that for ACK+SR. Since eNB has no idea on the sDCI missing, it will take it as ACK and no retransmission will happen. Therefore, option 1 is not desirable. 
With option 2, even if the sDCI is missed, eNB only take it as NACK and retransmission will be enabled, so there is no problem.
Proposal 2: The same sPUCCH resource is reserved for SR only case and NACK+SR case
2.2 For more than 2-bit ACK/NACK and SR (if any)
For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 2os/3os sTTI, sPUCCH format based on PUCCH format 4 is supported. The following remaining issues (FFS) are discussed:
· FFS: Variable number of PRB(s) is configured by higher layer signaling. 
Similar to PUCCH format 4, the number of PRB(s) can be 1~8 and configured by higher layer signaling.

· FFS on whether IFDMA is used
Since IFDMA needs more RBs to transmit a sPUCCH which may result in more waste of sPUCCH resource, IFDMA is not preferred. 
· sPUCCH format selection

It was agreed to support sequence-based sPUCCH and PF4-based sPUCCH for 1-slot sTTI, sPUCCH format selection needs to be defined.
Sequence-based sPUCCH should always be supported even if PF4-based sPUCCH is configured by higher layer signaling. When only 1 or 2 bits need to be transmitted, sequence-based sPUCCH can be used. 

Note that to avoid the ambiguity of number of HARQ-ACK and SR bits, the indication the number of transmitted UCI bits may be needed.

Proposal 3: For sPUCCH carrying more than 2-bit HARQ-ACK and SR (if any) in 2/3-symbol sTTI, 
· The number of PRB(s) for sPUCCH is configured by higher layer signaling with a value from 1 to 8
· IFDMA is not supported.
Proposal 4: When only 1 or 2 bits HARQ-ACK and SR (if any) need to be transmitted, sequence-based sPUCCH is used even if PF4-based 2/3-symbol sPUCCH is configured by higher layer signaling.
3 sPUCCH for 1-slot sTTI

According to the agreements in the previous meetings, the remaining issues for 1-slot sPUCCH carrying more than 2 HARQ bits are discussed below.
· The maximum payload size as X for PF3-based 1-slot sPUCCH format 
Although the PF3-based 1-slot sPUCCH is half of legacy PUCCH, however, with multiplexing UEs with good channel state, the large payload size up to 22 bits can still be supported such that the benefits of multiplexing and sPUCCH overhead reduction can be achieved.
· sPUCCH format selection
For HARQ-ACK more than 2 bits, whether using PF3-based sPUCCH or PF4-based sPUCCH is signaled by higher layer. Then PF3 and PF4 based sPUCCH can be configured by eNB at different scenarios. As PF3-based sPUCCH hopping is not supported, PF3-based sPUCCH can be configured to support multi-user multiplexing and multiplexing with legacy PUCCH. PF4-based sPUCCH with hopping can achieve better performance for the same payload size such as up to 22 bits. Then for UEs who need better sPUCCH performance, PF4-based sPUCCH can be configured. To further enhance sPUCCH performance, for payload sizes up to 22 bits, more RBs rather than 1 RB can be configured for PF4-based sPUCCH.

For 1 to 2 bits HARQ-ACK and/or SR, sPUCCH format 1a/1b should always be supported, i.e. sPUCCH format 1a/1b should always be supported even if PF3-based sPUCCH or PF4-based sPUCCH is configured by higher layer signaling. Note that to avoid the ambiguity of number of HARQ-ACK and SR bits, the indication the number of transmitted UCI bits may be needed.

Proposal 5: For HARQ-ACK with more than 2 bits, whether using PF3-based 1-slot sPUCCH or PF4-based 1-slot sPUCCH is signaled by higher layer.
4 Conclusions
In this paper, we have analyzed short TTI structures with following proposals:
Proposal 1: When a positive SR collides with 2-bit HARQ-ACK feedback for two codewords, spatial bundling is operated for HARQ-ACK feedback.

Proposal 2: The same sPUCCH resource is reserved for SR only case and NACK+SR case

Proposal 3: For sPUCCH carrying more than 2-bit HARQ-ACK and SR (if any) in 2/3-symbol sTTI, 
· The number of PRB(s) for sPUCCH is configured by higher layer signaling with a value from 1 to 8
· IFDMA is not supported.
Proposal 4: When only 1 or 2 bits HARQ-ACK and SR (if any) need to be transmitted, sequence-based sPUCCH is used even if PF4-based 2/3-symbol sPUCCH is configured by higher layer signaling.
Proposal 5: For HARQ-ACK with more than 2 bits, whether using PF3-based 1-slot sPUCCH or PF4-based 1-slot sPUCCH is signaled by higher layer.
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