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1. Introduction 
At the RAN1 #86bis meeting, following agreements were achieved [1]:
	Agreement:
· Short TTI is not configured with extended CP.

Agreement:
· For 7-symbol TTI, the following sTTI structure is supported for UL:
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Agreement:
· If 4-symbol UL sTTI is supported, the following sTTI structure is adopted:
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Agreement:
· For 2-symbol TTI, RAN1 will down-select UL sTTI structure among the following options:
· Option 1: fixed sTTI structure 
· The data symbol(s) for sPUSCH are confined within a sTTI. Note that the DMRS for one sTTI may be placed within or outside the sTTI.
· Option 1a: without spanning over slot boundary
· The presence (if any) and the position of the UL DMRS is given by the UL grant, 
· If the UL DMRS is present it can be positioned before, within or after the sTTI
· Considered sTTI patterns in OFDM symbols per subframe
· Alt1: (2, 2, 3, 2, 2, 3)
· Alt2: (3, 2, 2, 2, 2, 3)
· Alt3: (3, 2, 2, 3, 2, 2)
· Option 1b: a sTTI can span over slot boundary
· Considered sTTI patterns in OFDM symbols per subframe
· Alt1: (2, 2, 2, 2, 2, 2, 2)
· Option 2: fixed nominal sTTI starting points and a possibility to delay the start of the transmission by N symbols with an indication in the UL grant 
· The presence (if any) and the position of the UL DMRS is given by the UL grant, 
· If the UL DMRS is present it can be positioned before, within or after the sTTI 
· The nominal sTTI starting point is determined by n+k processing time and DL sTTI structure




[bookmark: OLE_LINK31][bookmark: OLE_LINK32]In addition, following agreements on UCI transmission on sPUSCH and UE behavior on uplink sTTI transmissions were made at RAN1 #85 meeting [2] and RAN1 #84bis meeting [3]. These consensuses achieved in RAN1 so far should be the baseline.
	Agreement:
· The following principles on sPUSCH are recommended to be supported:
· [bookmark: OLE_LINK1]UCI transmission on sPUSCH is supported
· FFS UCI mapping rule, especially considering the impact of DM-RS design
· [bookmark: OLE_LINK40][bookmark: OLE_LINK41]FFS on which carrier to multiplex UCI on in case different sTTI lengths are used on different UL CA
· Note:
· The UCI herein refers to at least the ones for sTTI operations
· FFS whether or not the UCI also includes the ones for legacy TTI operations
Agreements:
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH
· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition
· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH
· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)
· Dropping/prioritization rules (if any) are FFS




In this contribution, we provide our views on the sPUSCH design for 2-symbol sTTI length. Then, we discuss UCI transmission on sPUSCH. In addition, we also propose UE behavior in case of being scheduled with legacy TTI unicast PUSCH and short TTI unicast PUSCH in the same subframe on the same carrier. PUCCH design for shortened TTI (sPUCCH) can be found in our companion contribution [4].
2. sPUSCH in 2-symbol sTTI
2.1. Channel and RS structure
[bookmark: OLE_LINK7]It was agreed at the last meeting that for 4-symbol sTTI, the structure per subframe is 4/4/4/4-symbol sTTI; for 7-symbol sTTI, the structure per subframe is 7/7-symbol sTTI; for 2-symbol sTTI, multiple structures within one subframe exist, further down selection is needed. 
There are two options for 2-symbol sTTI structure. First is the fixed sTTI pattern and second is flexible sTTI pattern which is determined by the combination of the nominal sTTI starting point and the potential N-symbol delay, where the nominal sTTI starting point is further determined by n+k processing time and DL sTTI structure. 
With option 2, the starting position of 2-symbol sTTI can be any symbol which is the most flexible. However, such utmost flexibility is unnecessary for FS1 and FS2. Besides, it increases the scheduling and transmission complexity at both eNB side and UE side. For example, it is difficult to align the transmission timing of sPUCCH and sPUSCH for a given UE. Furthermore, since the UL transmission timing is not aligned among cells in general, inter-cell interference randomization to the DMRS is no longer enabled. In addition, it is also difficult to handle the coexistence between 2-symbol sTTI and other (s)TTI, e.g. 7-/4-symbol sTTI and 1ms TTI, with intra-subframe frequency hopping on one carrier in the same subframe, from scheduler point of view. Furthermore, for 7-symbol and 4-symbol UL sTTI, fixed structure was agreed at the last meeting. Therefore, it makes sense to have a unified structure method for all UL sTTI length. Based on above analysis, option 1 that fixed sTTI structure for 2-symbol sTTI is preferred.
As already mentioned, to achieve efficient multiplexing between 2-symbol sTTI and other (s)TTI on one carrier, the 2-symbol sTTI structure should be specified such that no cross slot boundary is allowed. However, there will be left one orphan symbol within each slot. Considering the potential SRS transmission, the orphan symbol should be confined within the last 2-symbol sTTI, which results in a pattern of (2,2,3) for the second slot. For the first slot, both Alt 1 and Alt 2 can be considered and further down selection may depend on the DL sTTI structure [5].
Proposal 1:
· For 2-symbol sTTI, fixed UL sTTI structure is preferred.
· Either Alt1: (2, 2, 3, 2, 2, 3) or Alt2: (3, 2, 2, 2, 2, 3) is supported. 
· Further down select between Alt.1 and Alt.2 depends on the DL 2-symbol sTTI structure.
Regarding the DMRS design, it was agreed that for both 7-symbol and 4 symbol sTTI, the DMRS is placed at the current positions. However, for 7-symbol sTII, the DMRS is self-contained in each sPUSCH, while for 4-symbol sTTI, the DMRS is shared between the two consecutive sTTIs. For 2-symbol sTTI, it was agreed that DMRS for one sTTI may be placed within or outside the sTTI. In general, following two options exist: 
Option 1: DMRS is self-contained in each 2-symbol sPUSCH.
Option 1 enables continuous DMRS and data transmission. Fig. 1 gives an example for self-contained DMRS in sTTI structure of (2,2,3,2,2,3) and (3,2,2,2,2,3). It is preferred to place the DMRS at the beginning of the sTTI to enable faster channel estimation. It is noticed that for sTTI 1 and sTTI 4 of structure (2,2,3,2,2,3) and for sTTI 4 of structure (3,2,2,2,2,3), DMRS can be placed at the same symbol position as in legacy PUSCH to reduce the interference. Since the DMRS is present in each sPUSCH and its position can be fixed, no additional signalling is required for option 1 to indicate the presence and/or position of DMRS. Besides, continuous transmission of DMRS and data simplifies processing time budgets for DMRS transmission and data encoding due to minimum time difference between DMRS and data. However, the DMRS overhead for option 1 is large. 
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Fig. 1: Self-contained DMRS in each 2-symbol sTTI

Option 2: DMRS is shared/multiplexed between multiple sTTIs.
To reduce the overhead, DMRS can be shared/multiplexed by multiple TTIs as shown in Fig. 2. However, following issues need further study.
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Fig. 2: DMRS sharing/multiplexing multiple sTTIs 

· DMRS sharing/multiplexing mechanism: DMRS sharing/multiplexing (e.g., CDM, FDM, and hybrid thereof) should allow scheduling sPUSCH on different PRB sets between neighboring short-TTIs for one or multiple UEs. Restricting the same number of PRBs among UEs results in scheduling restriction. From eNB scheduler viewpoint, scheduling the same PRBs sets for different UEs having different link-quality and different HARQ conditions is highly restrictive.
· Indication of UL DMRS position: different from option 1 that UL grant miss detection only affects current sPUSCH transmission e.g. DTX at eNB side. For option 2, DMRS sharing is applied between consecutive sTTIs for one UE, one UL grant miss detection which contains the shared DMRS information will spread to consecutive sTTIs. 
· Stringent processing time for split DMRS and data transmission:  for the case that DMRS is transmitted in the earlier sTTI while the associated sPUSCH is transmitted in latter sTTI, e.g. DMRS is multiplexed by different UEs and the UE scheduled in last sTTI needs to transmit DMRS in the earlier sTTI; or DMRS is shared by one UE but the UE misses earlier UL grant and only detects latter UL grant, the processing time for the DMRS transmission in the earlier sTTI based on the latter DCI is tight. At least, PRB allocation, transmit power, and sequence-related information (e.g., CS/OCC), need to be known before DMRS transmission. Furthermore, DFT-spreading shall be applied to DMRS sequence before transmission. In addition, the phase reference might change between DMRS and data which would impact demodulator performance.
[bookmark: OLE_LINK8][bookmark: OLE_LINK15][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 2: 
· If DMRS sharing/multiplexing for 2-symbol sTTI is adopted, following aspects need further study:
· DMRS sharing/multiplexing mechanism.
· Indication of UL DMRS position needs to consider the UL grant miss-detection issue
· The delay between the split DMRS and sPUSCH transmission needs to be defined which depends on the time needed for UL grant decoding and DMRS preparation. 
2.2. UCI transmission on sPUSCH
In 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 across the full subframe duration with rate-matching the UL-SCH. 
According to the agreements made in SI, UCI transmission on sPUSCH is supported. Above UCI mapping rules can be re-used at least for UCI transmission on 1-slot sPUSCH. For multiplexing UCI on 4-symbol and 2-symbol sPUSCH, new UCI mapping may be needed and current design principle should be inherited. 
In addition, the number of REs for UCI transmission on sPUSCH would be smaller than that for legacy PUSCH. To solve the resource shortage, new beta-offset values for sTTI sPUSCH which are different from those values for UCI on legacy TTI PUSCH may need to be introduced. 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 3:
· At least for 1-slot sPUSCH Legacy, legacy UCI mapping rules can be re-used.
· Current UCI mapping rule can be the guideline for the design of UCI multiplexing on 4- and 2- symbol sPUSCH. 
Proposal 4:
· Handling of UCI resource shortage on sPUSCH needs to be considered.
3. UE behavior on UL sTTI operation
For shortened TTI operation, it is beneficial for a UE to support simultaneous transmission of legacy TTI PUSCH and short TTI sPUSCH in the same subframe in the same carrier. The first reason is that the traffic requiring low latency can break in at the middle of a subframe, even if the normal traffic using 1ms TTI is scheduled for the UE in the subframe. The second reason is that those two transmissions have different HARQ/scheduling timeline and therefore handling collisions between those two transmissions would be difficult. Therefore, it should be allowed to schedule unicast sPUSCH during the time-interval where unicast PUSCH is already scheduled. 
Proposal 5:
· Scheduling unicast sPUSCH during the time-interval where unicast PUSCH is already scheduled should be allowed.
· Advanced UEs may be able to perform simultaneous transmission of legacy TTI PUSCH and short TTI sPUSCH in the same subframe in the same carrier.

eNB can assume that the UE can support simultaneous transmission of legacy TTI PUSCH and short TTI PUSCH in the same subframe in the same carrier. If the UE is not able to transmit them simultaneously, a certain UE behavior should be defined. Following three alternatives can be considered.
Alt. 1: UE can encode and transmit both unicast PUSCH and sPUSCH in the same subframe in the same carrier under some conditions, except these conditions, UE always encodes and transmits sPUSCH. 
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Possible conditions can be the scheduled PUSCH is SPS PUSCH and/or the TBS/MCS of the PUSCH is under a threshold and/or the total summed TBS of the unicast PUSCH and sPUSCH is under a threshold. Additional factors that need to be taken into account are whether the scheduled PRBs for sPUSCH and PUSCH are overlapped and/or the UE is power limited. If these conditions are met, then UE can transmit both sPUSCH and PUSCH on their respective resources. If the scheduled PRBs for sPUSCH and PUSCH are overlapped and/or the UE is power limited, by puncturing PUSCH, the UE can transmit PUSCH and sPUSCH in the same subframe in the same carrier. One example is shown in Fig. 3. 
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Fig. 3:	Simultaneous transmission of PUSCH and sPUSCH by puncturing PUSCH
Except above conditions, UE should always prioritize encoding and transmitting sPUSCH once scheduled, and drop/abort the PUSCH transmission if necessary. With this UE behavior, low latency traffic can be scheduled to UEs flexibly regardless of their ability. 

Alt. 2: UE always prioritize encoding and transmitting short TTI unicast PUSCH. 
[bookmark: OLE_LINK4]If the eNB wants to prioritize legacy TTI unicast PUSCH, it should not schedule short TTI unicast sPUSCH in the same subframe in the same carrier when the low latency traffic arrives; otherwise eNB should schedule short TTI unicast PUSCH for the UE transmitting legacy TTI unicast PUSCH. When the UE is aware of collision between legacy TTI unicast PUSCH and short TTI unicast sPUSCH, UE should drop/abort transmission of legacy TTI unicast PUSCH. This alternative also ensures the same understanding between eNB and UE and has small specification impact while lowers the UE capability especially for advanced UEs.

Alt. 3: left to UE implementation, UE can encode and transmit both of the legacy TTI unicast PUSCH and short TTI unicast PUSCH or select to encode and transmit one of them. 
Different from Alt. 1 and Alt. 2, Alt. 3 gives the final say to the UE. UE can encode and transmit both of them or either one of them according to its capability. No common understanding between eNB and UE is ensured, blind detection at eNB side is needed. This alternative also keeps the benefits of supporting simultaneous transmission of legacy TTI unicast PUSCH and short TTI unicast sPUSCH in the same subframe in the same carrier.
Proposal 6:
· For non-advanced UEs, eNB can schedule simultaneous transmission of legacy TTI unicast PUSCH and short TTI unicast sPUSCH in the same subframe in the same carrier. 
· UE behavior in case of being scheduled with legacy TTI unicast PUSCH and sPUSCH in the same carrier in the same subframe should be defined.

4. Conclusion
In this contribution, we discussed PUSCH design for shortened TTI and made following proposals.
Proposal 1:
· For 2-symbol sTTI, fixed UL sTTI structure is preferred.
· Either Alt1: (2, 2, 3, 2, 2, 3) or Alt2: (3, 2, 2, 2, 2, 3) is supported. 
· Further down select between Alt.1 and Alt.2 depends on the DL 2-symbol sTTI structure.
Proposal 2: 
· If DMRS sharing/multiplexing for 2-symbol sTTI is adopted, following aspects need further study:
· DMRS sharing/multiplexing mechanism.
· Indication of UL DMRS position needs to consider the UL grant miss-detection issue
· The delay between the split DMRS and sPUSCH transmission needs to be defined which depends on the time needed for UL grant decoding and DMRS preparation. 
Proposal 3:
· At least for 1-slot sPUSCH Legacy, legacy UCI mapping rules can be re-used.
· Current UCI mapping rule can be the guideline for the design of UCI multiplexing on 4- and 2- symbol sPUSCH. 
Proposal 4:
· Handling of UCI resource shortage on sPUSCH needs to be considered.
Proposal 5:
· Scheduling unicast sPUSCH during the time-interval where unicast PUSCH is already scheduled should be allowed.
· Advanced UEs may be able to perform simultaneous transmission of legacy TTI PUSCH and short TTI sPUSCH in the same subframe in the same carrier.
Proposal 6:
· For non-advanced UEs, eNB can schedule simultaneous transmission of legacy TTI unicast PUSCH and short TTI unicast sPUSCH in the same subframe in the same carrier. 
· UE behavior in case of being scheduled with legacy TTI unicast PUSCH and sPUSCH in the same carrier in the same subframe should be defined.
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