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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]At the RAN1 #87 meeting, agreements on UL sTTI structure and sPUCCH formats were achieved as following [1]: 
	Agreement:
· For 2-OS sTTI, down-select the UL sTTI pattern for sPUSCH between (2,2,3,2,2,3) and (3,2,2,2,2,3)
· The data symbol(s) for a sPUSCH are confined within a sTTI
· if sPUSCH is transmitted, the number of symbols available for data transmission within a sTTI can be 
· 1 or 2 for a sTTI with 2 symbols
· FFS: 1 or 2 or 3 for a sTTI with 3 symbols 
· The presence (if any) and the position of the UL DMRS is given or determined by the UL grant, 
· The UL DMRS can be positioned before or within the associated sTTI 
· FFS: The UL DMRS can be positioned after the associated sTTI

Agreement:
· For a given UE, a sPUCCH format follows a fixed sTTI mapping where the same sTTI boundaries, data symbol placements (except the last symbol in the subframe - depending on SRS) and DMRS symbol placements (if used) are the same in every subframe. 

Agreements:
· At least the following formats should be designed for sPUCCH:
· For sPUCCH supporting up to 2-bit HARQ-ACK and/or SR (if any)
· DMRS based demodulation for 7-symbol sTTI
· FFS on the formats and DMRS design for 2-symbol sTTI
· For sPUCCH supporting more than 2-bit HARQ-ACK and SR (if any)
· DMRS based demodulation for all sTTI lengths
· FFS on encoding methods
· FFS on sPUCCH with channel selection for up to 4-bit HARQ-ACK.
· FFS on support of frequency hopping



In this contribution, we present our views on channel/format design for sPUCCH 
2. PUCCH in a short-TTI (sPUCCH)
It was agreed at the last meeting that for 7-symbol sTTI, the structure per subframe is 7/7-symbol sTTI; for 2-symbol sTTI, fixed sTTI structure (3,2,2,2,2,3) is preferred for clear and simple operation. Although above UL sTTI structure with DMRS design are mainly discussed for sPUSCH, it is desirable to apply common sTTI length/structure for both sPUSCH and sPUCCH such that the start and the end position of sPUCCH can be aligned with those of sPUSCH to avoid the partial overlapping between the two uplink transmissions. As can be seen, for 2-symbol sTTI, the sPUCCH design should also take 3-symbol sTTI into consideration.
Proposal 1:
· Common UL sTTI pattern is applied to both sPUSCH and sPUCCH to avoid partial overlapping.
In the following, sPUCCH design including the channel structure and sPUCCH formats for 7-symbol sTTI and 2-symbol sTTI are discussed separately.
2.1. sPUCCH for 1-slot sTTI
[bookmark: OLE_LINK50]For a given received SNR, as the number of symbols per sPUCCH reduces, the resulting UCI energy per bit-to-noise spectrum density ratio (Eb/N0) reduces linearly. Therefore, as TTI length becomes shorter, the required received SNR for achieving the target BER/BLER becomes higher ([2], see Fig. 6 in appendix). In order to achieve as better UL coverage as possible, sPUCCH should support diversity mechanisms as much as possible. At least, intra-TTI frequency hopping should be the baseline for sPUCCH. Similarly, other means for SNR improvement should be positively exploited, e.g., transmit antenna diversity. 
For 1-slot sTTI, there are 7 symbols per sPUCCH. Therefore, it is possible to apply frequency hopping within the 7-symbol sTTI duration. Two types of frequency hopping patterns can be considered: {3, 4} or {4, 3}. Either offers the same performance in theory, but considering that there could be a SRS symbol at the end of the subframe, {3,4} is the preferable structure to balance the number of symbols when the subframe is SRS subframe. 

[image: ]
Fig. 1 7-OS sPUCCH structure with intra-TTI frequency hopping 

Proposal 2:
· Support 1-slot sPUCCH having frequency-hopping between 3 symbols and 4 symbols.
· Send a LS to RAN4 to take the frequency-hopping into account.
· Support transmit antenna diversity for 1-slot sPUCCH.

In general, for a given TTI length, larger UCI payload requires higher SNR to decode, and for a given SNR, longer TTI length can convey larger UCI payload. For 1-slot sPUCCH, following two alternatives for sPUCCH formats design can be considered.
Alt.1: At least two sPUCCH formats are defined for sTTI operation.
· First sPUCCH format targets small UCI payloads such as legacy PUCCH format 1/1a/1b.
Following UCI type can be supported by this sPUCCH format:
1) 1-bit Scheduling request (SR);
2) 1/2-bit HARQ-ACK for non-CA scenario and/or for CA scenario with HARQ-ACK bundling over spatial-domain and/or CC-domain. 
3) For simultaneous transmission of SR and HARQ-ACK, legacy mechanism can be re-used, e.g. if SR is positive, the sPUCCH resource configured for SR is used, otherwise the sPUCCH resource for HARQ-ACK is used.
Regarding the sPUCCH format structure, principles such as RE mapping, DMRS cyclic shift, OCC mechanisms and coding scheme e.g. block coding employed for legacy PUCCH format 1/1a/1b can be re-used. Fig. 2 is an example of the first sPUCCH format for 4- and 1-slot sTTI with intra-TTI frequency hopping.  
[image: ]
Fig. 2 First sPUCCH format for small UCI payloads with intra-TTI frequency hopping
For 1-slot sTTI, the maximum CDM capacity is limited by the number of DMRS symbols or data symbols based on the cyclic shift and OCC.
· Second sPUCCH format targeting large UCI payloads is based on legacy PUCCH format 4 or 5.
This sPUCCH format having larger payload size can support CSI feedback and/or multiple HARQ-ACK bits and SR if any.
Regarding the sPUCCH format structure, principles such as the rate matching, RE mapping and coding scheme e.g. TBCC of PUCCH format 4/5 can be directly re-used. For sPUCCH format based on PUCCH format 4, the sPUCCH resource without multiplexing can occupy multiple PRBs. For sPUCCH format based on PUCCH format 5, the supported number of PRB is one while it can support multiplexing of two UEs in the same PRB/sTTI by applying spreading factor in the frequency domain. Although legacy PUCCH format 4 and 5 do not support transmit diversity, it is applicable to the second sPUCCH format, in addition to intra-TTI frequency hopping. Fig. 3 and Fig. 4 give examples of the second sPUCCH format based on PUCCH format 4 and 5 respectively.   
[image: ]
Fig. 3 Second sPUCCH format for large UCI payloads based on PUCCH format 4 with intra-TTI frequency hopping 
[image: ]
Fig. 4 Second sPUCCH format for large UCI payloads based on PUCCH format 5 with intra-TTI frequency hopping 
Alt.2 single sPUCCH format is defined to cover different UCI payloads. 
Single sPUCCH format can be designed by combining and modifying PUCCH format 4 and PUCCH format 5. First, multiple PRBs can be used for sPUCCH resource similar to PUCCH format 4. This multi-PRB sPUCCH transmission is to increase the UCI payload for non-power-limited UEs. Besides, CDMA is considered for this sPUCCH format to mitigate the overhead increase. Variable spreading factor within symbol domain before DFT spreading can be considered which is similar to PUCCH format 5 so that sPUCCH having different sTTI length on the same PRB can still be orthogonal. Other design factors such as rate matching, RE mapping, interleaving structure, and intra-TTI frequency hopping for the sPUCCH format can be the same as those for PUCCH format 4 and 5. Through above analysis, it can be expected that alternative 2 can realize flexible trade-off among UCI payload, CDM capacity, and BLER performance. 
Proposal 3:
· Different UCI payloads should be covered by a given sTTI length. Further study is needed for the following two alternatives.
· Alt.1 at least two sPUCCH formats are defined for sTTI operation.
· First sPUCCH format targeting small UCI payloads is based on legacy PUCCH format 1/1a/1b.
· Second sPUCCH format targeting large UCI payloads is based on legacy PUCCH format 4 or 5.
· Alt.2 single sPUCCH format is defined to cover different UCI payloads.
· Variable spreading factor with single/multiple PRB(s) can be applied to the sPUCCH format.

2.2. sPUCCH for 2/3-symbol sTTI
For sPUCCH comprising 2 or 3 symbols, three candidates can be considered:
Candidate 1: Multiplexing DMRS and UCI in different DFT-s-OFDM symbols within a given sTTI.
Candidate 2: Multiplexing DMRS and UCI in the same OFDM symbol within a given sTTI.
Candidate 3: No DMRS is multiplexed; UCI is conveyed by which sequence the sPUCCH is transmitted.
The discussion is quite similar to what is discussed in the context of NR [3] – [4].
Considering that the LTE uplink is based on DFT-s-OFDM while NR bases CP-OFDM waveform, candidate 2 might be challenging to support. Between candidate 1 and candidate 3, we conducted link-level simulations to compare the performance, and found that candidate 3 offers usually better performance than candidate 1 due to RS overhead reduction. With the candidate 3, A/N (and/or SR) is informed by which sequence/resource the sPUCCH is transmitted. Therefore, the use-case should be limited to the case where UCI payload is small, e.g., up to 2 bits for HARQ-ACK. 
Following is the BER performance comparison between DMRS-based sPUCCH (candidate 1) and sequence-based sPUCCH (candidate 3) with 2 UCI bits. Each sPUCCH is assumed to occupy 4 PRBs over 2 symbols. ML detection is performed for both sPUCCH structure. As can be seen from the results, sequence-based sPUCCH can offer generally 3dB performance gain. Furthermore, frequency-hopping is easily applicable because of the RS-less structure. Due to these reason, sequence-based sPUCCH can be a good candidate for low UCI payload with 2-symbol sTTI.
[image: ]
Fig. 5	Performance comparison between RS-based and sequence-based sPUCCH.
Proposal 4:
· For sPUCCH having 2 or 3 symbols, 
· Consider to apply sequence-based PUCCH for low UCI payload such as 2 bits for sTTI with 2 or 3 symbols. 

3. Conclusion
In this contribution, we discussed UL aspects of TTI shortening and reached following proposals.
Proposal 1:
· It is preferred that common UL sTTI pattern is applied to both sPUSCH and sPUCCH to avoid partial overlapping.
Proposal 2:
· It is beneficial to apply intra-TTI frequency-hopping for sPUCCH.
· Other mechanisms to improve the SINR such as transmit antenna diversity is beneficial. 
Proposal 3:
· Different UCI payloads should be covered by a given sTTI length. Further study is needed for the following two alternatives.
· Alt.1 at least two sPUCCH formats are defined for sTTI operation.
· First sPUCCH format targeting small UCI payloads is based on legacy PUCCH format 1/1a/1b.
· Second sPUCCH format targeting large UCI payloads is based on legacy PUCCH format 4 or 5.
· Alt.2 single sPUCCH format is defined to cover different UCI payloads.
· Variable spreading factor with single/multiple PRB(s) can be applied to the sPUCCH format.
Proposal 4:
· For sPUCCH having 2 or 3 symbols, 
· Consider to apply sequence-based PUCCH for low UCI payload such as 2 bits for sTTI with 2 or 3 symbols. 
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Appendix
Table 1 Simulation parameters
	Parameter
	Value

	Carrier frequency
	4GHz

	Channel model
	EPA

	No. of UCI bits
	2

	Antenna config.
	1 x 2

	CP overhead
	6.6%

	UE speed
	3km/h

	Channel est.
	Real

	Receiver
	MLD

	Encoding
	Repetition code
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Figure A-1	Simulated PUCCH structures.

[image: ]
Figure A-2	BER performance comparison.
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