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1 Introduction

In RAN1#89 meeting, the following working assumption and agreements are achieved:
Working assumption:
· 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 cyclic shifts (i.e., ACK and NACK are indicated based on cyclic shift index)

· The cyclic shifts on different sPUCCH symbols can be different due to cyclic shift randomization 
· Cyclic shift randomization is re-used from 1 ms operation to support multiplexing with legacy PUCCH

· Only frequency hopping between sPUCCH symbol(s) is supported (no FH is not supported). 

· 1 RB allocation per symbol

· FFS: How to handle SR + HARQ, hopping pattern, A/N information mapping to CS
· To be confirmed by RAN1#90

Agreement:
· For sPUCCH format carrying up to 2 bits and SR (if any), for 7-symbol sTTI, the following hopping pattern is supported
· {D R D | D R R D} for the first slot, {D R R D | D R D} for the second slot
Agreement:
· For 7-symbol sPUCCH format carrying more than 2 HARQ bits, and SR, if any, PF4-based sPUCCH format is supported.
· PF4-based sPUCCH format:

	 
	PF4-based sPUCCH format

	Modulation
	QPSK

	DMRS sequence
	Reuse legacy DMRS sequence for PUCCH

	Intra-sTTI hopping
	FFS if hopping and/or no hopping is used

	DMRS pattern
	Non-hopping (if supported): Reuse DMRS pattern of PUCCH format 4

Hopping (if supported): 
{X X X | X X X X} for the first slot, {X X X X | X X X} for the second slot

· Note that the bar | indicates a hopping boundary and X can be either data or DMRS symbol

· FFS on DMRS pattern

	Number of RBs for PUCCH resource
	1 or multiple RBs


· RAN1 down-select between the following three alternatives:

· Alt 1: No additional sPUCCH format is supported 

· Alt 2: Support in addition PF3-based 7OS sPUCCH
· Alt 3: Support in addition PF3-based, and PF5-based 7OS sPUCCH

· FFS: Coding methods 

· In case multiple formats are supported, FFS on format selection 
· PF5-based sPUCCH format details FFS.
· PF3-based sPUCCH format, if supported
	 
	PF3-based sPUCCH format

	Modulation
	QPSK

	DMRS sequence
	Reuse DMRS sequence for PUCCH format 3

	Intra-sTTI hopping
	Non-hopping, FFS: hopping

	DMRS pattern and OCC
	Non-hopping: Reuse DMRS pattern of PUCCH format 3 and OCC

Hopping: FFS on details if supported

	Number of RBs for PUCCH resource
	1 RB


Agreement:
· 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-symbol sTTI

2.1 For up to 2-bit ACK/NACK and SR (if any)
In RAN1#88 meeting, several options [2] were agreed for down-selection. In RAN1#89 meeting, the sequence-based sPUCCH w/o DMRS was agreed as working assumption. Considering the better performance compared with other options [3], the working assumption should be confirmed.
Proposal 1: Confirm the working assumption that the sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.
2.1.1 Details on sequence-based sPUCCH w/o DMRS
1) Hopping pattern
As shown in Figure 1, for 2-symbol sPUCCH, two symbols are placed on different frequency bands. For 3-symbol sPUCCH, three symbols are divided into 2 parts on different frequency bands, one is with one symbol and the other is with two symbols. Considering SRS may be in the last symbol of a subframe, for sPUCCH on the last 3-symbol sTTI, the last 2 symbols should be within a hopping part.
Proposal 2: For 2/3-symbol sequence-based sPUCCH w/o DMRS, the hopping pattern of {D D | D}, {D | D}, {D | D}, {D | D}, {D | D}, {D | D D} corresponding to 6 sTTIs is supported.
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Figure 1. 2/3-symbol sPUCCH structure with intra-TTI frequency hopping

2) ACK and NACK indications

It was agreed that cyclic shift randomization is re-used from 1 ms operation to support multiplexing with legacy PUCCH, which means multiplexing between sPUCCH and 1ms PUCCH is supported. Furthermore, it was agreed that ACK and NACK are indicated based on cyclic shift index. If HARQ-ACK information is indicated based on only cyclic shift index, for 2-bit HARQ-ACK feedback, four CSs are reserved on each hopping RB, which means eight PUCCH indexes cannot be used for 1ms PUCCH (e.g. PUCCH format 2), such as the green and white region in Figure 2. Then if there are odd number UEs (such as 1 UE) transmitting sPUCCH, there will be resources wasted. For example, if only 1 UE is transmitting sPUCCH on green region of Figure 2, then the white region cannot be used by 1ms UE and is wasted.  To avoide such sPUCCH resource waste, it is considerable that ACK and NACK can also be indicated based on different RB index. As shown in Figure 3, for 2-bit HARQ-ACK feedback, two CSs corresponding to two HARQ-ACK states are reserved on each hopping RB, which means only four PUCCH indexes are reserved and cannot be used for 1ms PUCCH (e.g. PUCCH format 2) and no sPUCCH resource will be wasted in any case.
Proposal 3: ACK and NACK can be indicated by different RB index and/or different cyclic shift index.
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Figure 2. Multiplexing between 2/3-symbol sPUCCH and 1ms PUCCH
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Figure 3. Multiplexing between 2/3-symbol sPUCCH and 1ms PUCCH
For legacy PUCCH format 1a/1b, CS and RB are determined by PUCCH resource index which is further determined by CCE index and configured PUCCH offset. For sPUCCH, similar method can be reused to determine CS and RB index, but the indication of sPUCCH resource index is still an open issue. There can be two options to indicate sPUCCH resource index which determines the CS and/or RB index corresponding to  the ACK/NACK states.
· Option 1: only one sPUCCH resource index is explicitly configured.
With option 1, only one sPUCCH index is indicated for a certain HARQ-ACK state and the sPUCCH indexes of other state(s) can be achieved according to the predefined index gap. 

Option 1 is more suitable for the case that ACK and NACK are indicated based on only cyclic shift index where all HARQ-ACK states are mapped to the same RB. For example, for 1-bit HARQ-ACK feedback, one sPUCCH index corresponding to ACK is indicated by higher layer signaling, and CS index 
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 for ACK is obtained via the sPUCCH index.  Assuming CS gap between ACK and NACK is 6, then UE can obtain CS index for NACK as 
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. For 2-bit HARQ-ACK feedback, one sPUCCH index corresponding to (ACK,ACK) is indicated by higher layer signaling, and CS index 
[image: image6.wmf]ACK

ACK

CS

n

,

 for (ACK,ACK) is obtained via the sPUCCH index.  Assuming CS gap between two HARQ-ACK states is 3, then UE can obtain CS index for (ACK,NACK), (NACK,NACK) and (NACK,ACK) as 
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· Option 2: The sPUCCH resource index for every HARQ-ACK state is configured separately. 
With option 2, all sPUCCH indexes for all HARQ-ACK states are indicated separately. Thus CS gap between two HARQ-ACK states are not fixed and can be controlled by eNB according to the channel situation, sPUCCH overhead and multiplexing with PUCCH. For example, for 1-bit HARQ-ACK feedback, in one hopping part, eNB can configure sPUCCH resource for ACK as (CS i, RB m), and sPUCCH resource for NACK as (CS i, RB n), (CS j, RB m) or (CS j, RB n).

Considering option 2 is more flexible and option 1 is one case of method 2, method 2 is preferred.

Proposal 4: The sPUCCH resource index for every HARQ-ACK state is configured separately.
2.1.2 Handling of collision between SR and HARQ-ACK

In legacy system, when up to 2 bits HARQ-ACK collides with SR request, HARQ-ACK is transmitted on PUCCH resource for SR, which means HARQ-ACK and SR have the same priority. However, this rule cannot be reused directly for sequence-based sPUCCH w/o DMRS, so how to handle collision between SR and HARQ-ACK is still an open issue. Note that in our companion paper [4], this problem is also discussed.

For collision between SR and 1-bit HARQ-ACK, there are four options:
· Option 1: DMRS based sPUCCH transmitted on SR sPUCCH resource for a positive SR transmission
If there is no SR request, sequence-based sPUCCH w/o DMRS is transmitted on ACK sPUCCH resource or NACK sPUCCH resource.
If there is a SR request, DMRS based sPUCCH is transmitted on SR sPUCCH resource to indicate ACK/NACK. DMRS based sPUCCH is of 1 DMRS symbol and 1 or 2 data symbols, which is named as option 2 in [2].

With option 1, SR and ACK/NACK can be transmitted simultaneously, which means SR and ACK/NACK have the same priority.

· Option 2: ACK is dropped when SR collides with ACK 

If there is no SR request, sequence-based sPUCCH w/o DMRS is transmitted on ACK sPUCCH resource or NACK sPUCCH resource.
If a SR request collides with NACK feedback, sequence-based sPUCCH w/o DMRS is transmitted on SR sPUCCH resource. When eNB receives sPUCCH on SR sPUCCH resource, it will take it as NACK and SR request. 
If a SR request collides with ACK feedback, sequence-based sPUCCH w/o DMRS is transmitted on SR sPUCCH resource. In this case, eNB takes it as NACK and SR request, even if sPDSCH is received successfully.

With option 2, SR and NACK are prioritized compared to ACK. Considering ACK-to-NACK has no other negative impacts except waste of few resources, option 2 can also be considered. As the SR request may happen infrequently, so the wasted resource is marginal.

· Option 3: SR is dropped when SR collides with NACK
If there is no SR request, sequence-based sPUCCH w/o DMRS is transmitted on ACK sPUCCH resource or NACK sPUCCH resource.

If a SR request collides with ACK feedback, sequence-based sPUCCH w/o DMRS is transmitted on SR sPUCCH resource. When eNB receives sPUCCH on SR sPUCCH resource, it will take it as ACK and SR request.

If a SR request collides with NACK feedback, sequence-based sPUCCH w/o DMRS is transmitted on NACK sPUCCH resource, which means SR is not indicated.
With option 3, SR is deprioritized compared with NACK. As the probability of SR colliding with NACK is very low, the impact to performance may not big. However, since SR plays an important role in latency reduction, it should not be deprioritized. Thus option 3 is not preferred.
· Option 4: Two SR sPUCCH resources are configured corresponding to ACK and NACK

If there is no SR request, sequence-based sPUCCH w/o DMRS is transmitted on ACK sPUCCH resource or NACK sPUCCH resource.
If a SR request collides with ACK feedback, sequence-based sPUCCH w/o DMRS is transmitted on SR sPUCCH resource corresponding to ACK.

If a SR request collides with NACK feedback, sequence-based sPUCCH w/o DMRS is transmitted on SR sPUCCH resource corresponding to NACK.

With option 4, two SR sPUCCH resources are reserved which will increase sPUCCH overhead significantly. Thus option 4 is not preferred.

Considering the sPUCCH overhead and latency, we have the following proposal.
Proposal 5: When a SR request collides with 1-bit HARQ-ACK feedback, one of the options can be supported:
· Option 1: DMRS based sPUCCH transmitted on SR sPUCCH resource
· Option 2: ACK is dropped when SR collides with ACK 

For collision between SR and 2-bit HARQ-ACK for two codewords, to reuse the options discussed above to simplify the standardization, spatial bundling can be first operated. Then the above 4 options can be reused.
Proposal 6: When a SR request collides with 2-bit HARQ-ACK feedback for two codewords, spatial bundling is operated for HARQ-ACK feedback.
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. 
Proposal 7: For sPUCCH carrying more than 2-bit ACK/NACK 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.
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.
· FFS if hopping and/or no hopping is used for PF4-based sPUCCH format 
For more than 2-bit sPUCCH, to achieve frequency diversity gain, at least intra-sTTI frequency hopping should be supported for format 4 based sPUCCH.
If hopping is supported, DMRS pattern is still an open issue. Since the reliable RS reception performance is critical for sPUCCH, it is better to put the sPUCCH DMRS in the middle. In addition, to keep UL RS overhead as low as possible, {D R D | D R D D} for the first slot and {D R D D | D R D} for the second slot are preferred, as shown in Figure 2. 
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Figure 2. 1-slot sPUCCH structure with intra-TTI frequency hopping

· FFS on number of RBs for format 4 based sPUCCH
Similar to PUCCH format 4, the number of PRB(s) can be 1~8 and configured by higher layer signaling.

· Whether PF3-based and/or PF5-based 7OS sPUCCH are supported
To reduce sPUCCH overhead, PF3-based sPUCCH can be supported to provide the possibility of multiplexing between sPUCCH and PUCCH. But for PF5-based sPUCCH, there is no strong motivation to support it. 
If PF3-based sPUCCH is supported, whether to support hopping is FFS. To achieve frequency diversity gain, intra-sTTI frequency hopping should be supported.
· In case multiple formats are supported, FFS on format selection
If PF1a/1b-based sPUCCH, PF3-based sPUCCH and PF4-based sPUCCH are supported, the PUCCH format selection rules adopted in eCA can be reused for sPUCCH format selection. 

For example, in FDD, sPUCCH format can be chosen as follows:
· For a sPDSCH transmission only on the primary cell, the UE shall use PF1a/1b-based sPUCCH;
· For a sPDSCH transmission on the secondary cell, 

· if the UE is configured with codebooksizeDetermination-r13 = cc, or if the UE is configured with codebooksizeDetermination-r13 = dai and the total number of HARQ-ACK bits  and scheduling request bit (if any) and periodic CSI bits  (if any) is more than 22, the UE shall use PF4-based sPUCCH;
· if the UE is configured with codebooksizeDetermination-r13 = dai and if the total number of HARQ-ACK bits  and scheduling request bit  (if any) and periodic CSI bits (if any) is no more than 22, the UE shall use PF3-based sPUCCH.

Proposal 8: For PF4-based 1-slot sPUCCH, at least intra-sTTI frequency hopping should be supported.
· {D R D | D R D D} for the first slot and {D R D D | D R D} for the second slot are supported.

Proposal 9: The number of PRB(s) for sPUCCH is configured by higher layer signaling with a value from 1 to 8.

Proposal 10: PF3-based 1-slot sPUCCH is supported.

· Hopping is supported.

Proposal 11: If PF1a/1b-based sPUCCH, PF3-based sPUCCH and PF4-based sPUCCH are supported, the PUCCH format selection rules adopted in eCA can be reused for sPUCCH format selection.
4 Conclusions
In this paper, we have analyzed short TTI structures with following proposals:
Proposal 1: Confirm the working assumption that the sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.
Proposal 2: For 2/3-symbol sequence-based sPUCCH w/o DMRS, the hopping pattern of {D D | D}, {D | D}, {D | D}, {D | D}, {D | D}, {D | D D} corresponding to 6 sTTIs is supported.

Proposal 3: ACK and NACK can be indicated by different RB index and/or different cyclic shift index.
Proposal 4: The sPUCCH resource index for every HARQ-ACK state is configured separately.

Proposal 5: When a SR request collides with 1-bit HARQ-ACK feedback, one of the options can be supported:
· Option 1: DMRS based sPUCCH transmitted on SR sPUCCH resource
· Option 2: ACK is dropped when SR collides with ACK 

Proposal 6: When a SR request collides with 2-bit HARQ-ACK feedback for two codewords, spatial bundling is operated for HARQ-ACK feedback.

Proposal 7: For sPUCCH carrying more than 2-bit ACK/NACK 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 8: For PF4-based 1-slot sPUCCH, at least intra-sTTI frequency hopping should be supported.
· {D R D | D R D D} for the first slot and {D R D D | D R D} for the second slot are supported.

Proposal 9: The number of PRB(s) for sPUCCH is configured by higher layer signaling with a value from 1 to 8.

Proposal 10: PF3-based 1-slot sPUCCH is supported.

· Hopping is supported.

Proposal 11: If PF1a/1b-based sPUCCH, PF3-based sPUCCH and PF4-based sPUCCH are supported, the PUCCH format selection rules adopted in eCA can be reused for sPUCCH format selection.
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