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1. Introduction 
At the RAN1 #86bis and 87 meeting, following agreements on UL sTTI layout were achieved [1] – [2]:
	Agreement:
· For 7-symbol TTI, the following sTTI structure is supported for UL:
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Agreement:
· For 2-OS sTTI, UL sTTI pattern for sPUSCH and sPUCCH is [3,2,2,2,2,3]



In addition, following agreements on collision handling between sPUSCH and sPUCCH in the same sTTI on a given carriers and sTTI length combinations were made at the RAN1 #88 and 88bis meeting [3] – [4].
	Agreement:
· Confirm working assumption on support for {DL, UL} sTTI combination {2,7}.
· The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}
· FFS whether different sTTI combination can be configured for different PUCCH group

Agreement:
· Different DL sTTI length can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured
· FFS: If different UL sTTI lengths can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured

Agreements:
· In case of collision between sPUSCH and sPUCCH in the same sTTI on a given carrier for a UE
· The UE transmits both sPUSCH and sPUCCH if the UE is indicating the capability of and is configured with simultaneous transmission of sPUSCH and sPUCCH
· Otherwise, the UE transmits only sPUSCH including UCI of sPUCCH
· FFS whether some priority rule applies for inclusion of UCI from sPUCCH
· FFS between 
· If UE is indicating the capability of and is configured with simultaneous transmission, it applies to both sPUSCH/sPUCCH and PUSCH/PUCCH
· Separate capability signaling and configuration of simultaneous transmission for sPUSCH/sPUCCH and PUSCH/PUCCH are defined



In this contribution, we provide our views on UCI on sPUSCH.
2. UCI on sPUSCH
2.1. Basic procedure
In the current LTE, for UCI transmission on PUSCH, HARQ-ACK is transmitted near to the DMRS for better channel estimation since the HARQ-ACK is important for proper operation of the downlink. To avoid ambiguity of HARQ-ACK multiplexing on PUSCH which is caused by (E)PDCCH miss detection, the HARQ-ACK are punctured into the coded UL-SCH bit stream. Since RI is the precondition to interpret the CQI/PMI, RI is located near to the HARQ-ACK symbols using a similar mapping as HARQ-ACK which is also close to the DMRS. The CQI/PMI, on the other hand, is simply mapped over the full subframe duration with rate-matching the UL-SCH. 
According to the agreements, UCI transmission on sPUSCH is supported. Considering that existing UL DMRS is re-used for 1-slot sPUSCH, re-using existing UCI mapping rules to 1-slot sPUSCH is straightforward.
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Fig. 1	UCI on 1-slot sPUSCH.

For multiplexing UCI on 2-symbol sPUSCH, new UCI mapping rules are needed. For this, current design principles should be inherited, such as (1) HARQ-ACK/RI is mapped near to the UL DMRS with puncturing/ rate-matching UL-SCH REs, and (2) CQI/PMI is mapped in the same way as legacy UCI on PUSCH with rate-matching UL-SCH REs.
For 2-symbol sPUSCH, available number of REs for UL-SCH or UCI is quite limited. For example, assuming DFT-s-OFDM waveform is maintained, the number of available amount of resources is exactly 1 ~ 3 symbols, depending on UL sTTI index and DMRS position. The number of REs available for UCI transmission on sPUSCH would be much smaller than that for legacy PUSCH. To solve the resource shortage, new beta-offset values for sPUSCH which are different from those values for UCI on legacy TTI PUSCH would be desirable. Besides, further UCI compression can be considered to save the UCI overhead. For example, applying HARQ-ACK bundling in the time/spatial/ frequency-domain.
Proposal 1:
· For 1-slot sPUSCH, UCI on sPUSCH simply follows existing UCI mapping on PUSCH.
· For 2-symbols sPUSCH, current design principles of UCI on sPUSCH are inherited.
· HARQ-ACK/RI is mapped near to the UL DMRS with puntucring UL-SCH REs.
· CQI/PMI is mapped in the same way as legacy UCI on PUSCH, with rate-matching UL-SCH REs.

2.2. Extension to UL-CA
[bookmark: OLE_LINK21][bookmark: OLE_LINK23][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK6]For the case of UL CA within a PUCCH group, based on current agreements, the same UL sTTI length is configured for the serving cells within the same PUCCH group for which sTTI operation is configured. While for different PUCCH groups, our preference is to support different UL sTTI length across different PUCCH groups [5].  
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]As shown in Fig. 2, within each PUCCH group, Rel.13 eCA mechanism can be re-used that UCI is multiplexed on the carrier with the smallest cell index if there are multiple sPUSCH transmissions at the given time. In addition, if the number of the PUCCH group is more than one and different UL sTTI length is configured across different PUCCH group, there will be multiple sPUSCHs carrying UCI partially overlaps each other which impose additional challenges for UE transmission power. Both “look ahead” and “non-look ahead” transmission power modes as discussed in DC can be considered for UE power allocation and/or UE power-limited handling.
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Fig. 2	Reuse legacy rule to determine the carrier to multiplex the UCI on within each PUCCH group.

Proposal 2:
· For the case of single carrier or UL CA configured with the same sTTI length within a PUCCH group,
· It is straightforward to re-use the legacy rule to select the carrier to multiplex UCI on.
· For the case of UL CA configured with different UL sTTI lengths across different PUCCH groups,
· Both “look ahead” and “non-look ahead” power control modes can be considered for UE power allocation and/or UE power-limited handling.
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3. Conclusion
In this contribution, we discussed UCI on sPUSCH made following proposals.
Proposal 1:
· For 1-slot sPUSCH, UCI on sPUSCH simply follows existing UCI mapping on PUSCH.
· For 2-symbols sPUSCH, current design principles of UCI on sPUSCH are inherited.
· HARQ-ACK/RI is mapped near to the UL DMRS with puncturing/rate-matching UL-SCH REs.
· CQI/PMI is mapped in the same way as legacy UCI on PUSCH, with rate-matching UL-SCH REs.
Proposal 2:
· For the case of single carrier or UL CA configured with the same sTTI length within a PUCCH group,
· It is straightforward to re-use the legacy rule to select the carrier to multiplex UCI on.
· For the case of UL CA configured with different UL sTTI lengths across different PUCCH groups,
· Both “look ahead” and “non-look ahead” power control modes can be considered for UE power allocation and/or UE power-limited handling.
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