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1. Introduction

In RAN#85 meeting, following working assumption and agreements were made on PUCCH for sTTI. [1]

 REF _Ref447137923 \r \h 
[2]:

	Working Assumption:
· It is recommended to support a design that is based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· During the WI phase, down-selection is not precluded

Agreements:
· The following  sPUCCH formats are recommended to be supported 
· One sPUCCH format for HARQ-ACK and/or SR feedback for a serving cell
· sPUCCH format(s) for multiple HARQ-ACK bits, e.g. as in CA and frame structure type 2

· The amount of sPUCCH formats to support is depending on the maximum identified payload size to support

· sPUCCH format allows for multiplexing of HARQ-ACK and SR
· FFS: sPUCCH format supports CSI feedback


Based on these working assumption and agreements, we discuss the PUCCH design for shortened TTI for UL transmission in this contribution.
2. Discussion

2.1. PUCCH format for CSI
As discussed in our past contribution [3], CSI measurement period and/or CSI reporting delay influence the overall performance with shortened TTI. When shortened TTI is considered, a new structure seems necessary to support the functionalities of PUCCH format 2/2a/2b. Unless totally new design is considered, the number of bits conveyable to one sPUCCH would be limited with extending legacy PUCCH format 2/2a/2b. As it may not be sufficient for CSI feedback, new design for sPUCCH seems necessary for PUCCH format 2 types.
2.1.1. sPUCCH format 2 supporting CSI
As a frame structure for sPUCCH format 2, a possible option is described below.
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Figure 1: Example of the sPUCCH format 2 for latency reduction
Similar to legacy PUSCH structure, we can consider sPUCCH format 2 consisting of DM-RS and data as shown in Figure 1. Figure 1 is an example of the new PUCCH format for shortened TTIs which are equal to or shorter than 0.5 ms. With this approach, Reed-Muller code which is used for the channel coding of legacy PUCCH can be reused for the data (CSI). The BLock Error Rate (BLER) performance of two, four, and seven symbols TTI with various CSI payload sizes is shown in Figure 2.

[image: image2.emf]-6

-4

-2

0

2

4

6

8

10

2 4 7 11

R

e

q

u

i

r

e

d

S

N

R

(

d

B

)

The number of data bits

2 symbols

4 symbols

7 symbols

Legacy


Figure 2: BLock Error Rate (BLER) performance of sPUCCH format 2
The results show that sPUCCH with shorter TTI can bear a smaller payload size given a certain required SNR compared to sPUCCH with longer TTI. One aspect to consider in UCI transmission for short TTI is to reduce the payload size. We can adopt a hierarchical CSI feedback between short and long TTIs. One potential mechanism is to reduce UCI payload size for CSI feedback with shorter TTI. For example, with longer TTI, CQI value based on the whole table is transmitted, and with shorter TTI, either delta CQI is transmitted or subset of CQI table is used.

Suggestion 1: Further investigation to reduce payload size of CSI feedback with short TTI transmission is necessary.
Regarding the multiplexing among multiple UEs with sPUCCH format 2, different approaches can be considered according to the size of TTI. If the TTI is relatively long (e.g., 7 symbols), it seems that all the FDM, TDM and CDM can be considered. However, if the TTI is rather short (e.g., 2 or 4 symbols), the amount of resource is not enough compared to the CSI payload size so that CDM cannot easily be applied to those cases. In order to consider the CDM for the TTIs which are shorter than 0.5 ms, we may need to reduce the size of CSI payload transmitted within a single TTI.
Suggestion 2: FDM and TDM can be a baseline for multiplexing UEs with sPUCCH. A CDM approach can be further investigated for the TTIs which are equal to or shorter than 0.5 ms.
Another issue is for a simultaneous transmission of HARQ-ACK with CSI. In legacy LTE/LTE-Advanced systems, HARQ-ACK has higher priority than CSI. Furthermore, if the simultaneous transmission of HARQ-ACK and CSI is not configured, CSI is dropped when it is collided with HARQ-ACK. It may degrade the DL throughput performance as discussed in our contribution [3]. Therefore, the simultaneous transmission of HARQ-ACK with CSI can be considered for sPUCCH format 2.
Suggestion 3: The simultaneous transmission of HARQ-ACK with CSI can be considered for sPUCCH format 2.

2.1.2. Multiple Resource Blocks (RBs) transmission of sPUCCH format 2
Due to the reduced size of TTI, there occurs a limitation on the number of bits which can be transmitted within a single TTI. As an alternative, we can use multiple Resource Blocks (RBs) for the CSI transmission. If this approach is considered, there are benefits and drawbacks as follows.
· Benefits

· Limitation on the number of bits transmitted within one TTI can be relaxed

· Code rate can be sufficiently lowered compared to that of single RB case
· Drawbacks

· Reservation of large amount of resource is needed
· Performance of channel estimation can be degraded in power-limited case due to the low power density
Suggestion 4: Multiple RBs transmission can be considered for sPUCCH format 2.

As shown in Figure 2, the required SNR seems relatively high for sPUCCH format 2 with shortened TTI rather than that of legacy PUCCH format 2. This means that there occurs a situation when a UE may need to increase the transmission power when the TTI is shortened.
Suggestion 5: Considering the higher required SNR with shorter TTI length for PUCCH transmission with UCI, power-related issues need to be investigated when the TTI is shortened.
3. Conclusion
In this contribution, we discussed some issues related to sPUCCH for latency reduction.
Suggestion 1: Further investigation to reduce payload size of CSI feedback with short TTI transmission is necessary.

Suggestion 2: FDM and TDM can be a baseline for multiplexing UEs with sPUCCH. A CDM approach can be further investigated.

Suggestion 3: The simultaneous transmission of HARQ-ACK with CSI can be considered for sPUCCH format 2.

Suggestion 4: Multiple RBs transmission can be considered for sPUCCH format 2.

Suggestion 5: Considering the higher required SNR with shorter TTI length for PUCCH transmission with UCI, power-related issues need to be investigated when the TTI is shortened.
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Annex A
Table 1: Simulation Parameters
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2 symbols/4 symbols/7 symbols

	Allocated bandwidth
	1 PRB

	Channel model
	ETU

	UE speed
	3 km/h

	Antenna configuration
	1Tx(UE), 2Rx(eNB)

	CP length
	Normal

	CSI payload size
	2 bits/4 bits /7 bits /11 bits

	Channel coding
	Reed-Muller code

	Performance metrics
	Required SNR
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