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1. Introduction
The SI on Latency reduction techniques for LTE [1] was closed at RAN#72 and based on the outcome documented in the TR [2], a follow-up WI was approved in [3]. The main objectives of the WI in [3] are: 
The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.
…
For Frame structure type 1: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· Down-selection is not precluded
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.

In RAN1#88, following agreements were made based on R1-1703724:
Agreement:
· IFDMA DMRS is supported for 2-symbol based sPUSCH
·  Support RPF=2
· FFS RPF=4
·  Support UL DMRS EPRE power boosting to maintain same transmit power for both DMRS symbol and data symbol
· No new UL DMRS sequence generation compared to PUSCH in Rel-14 (including new sequence length from eFD-MIMO)
Furthermore, the following was agreed at RAN1#89:
Agreement:
· More than 2 combs are not supported for IFDMA DMRS for 2/3-symbol sPUSCH.
· Each comb supports up to 2 layers multiplexing for IFDMA DMRS for 2/3-symbol sPUSCH.

Regarding UL DMRS indication, the following was agreed at RAN1#89:
Agreement:
In case of 2/3os in UL, the following DMRS placement can be indicated by an UL grant in sTTI#n-x which schedules sPUSCH in sTTI n, where x is processing time configured for a PUCCH group
Note: Other combinations are FFS. Note: | denotes the boundary of sTTI n
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In this document, we discuss the uplink DMRS design for sTTI operation, considering both sPUSCH and sPUCCH, as well as UL DMRS indication. 
2. UL Demodulation reference signals for sPUCCH
As discussed in [4], from the sPUCCH UL overhead point of view a key point is to allow for efficient sharing of resources allocated for legacy PUCCH formats, i.e. a possibility to allocate both PUCCH and sPUCCH on the same PRBs. In order to facilitate this, the CDM multiplexing applied on sPUCCH and PUCCH needs to be compatible. From DMRS point of view this essentially means that sPUCCH should utilize the same LTE length-12 DMRS sequences as what are applied with the PUCCH formats 1a/b or 2a/b. That is, sPUCCH and 2-symbol sPUSCH should apply different DMRS designs. With such approach, multiplexing of sPUCCH and PUCCH is possible by allocating different cyclic shifts for different users. 
Proposal #1: sPUCCH DMRS in a given cell uses the same length-12 UL DMRS sequences as LTE PUCCH 
3. UL Demodulation reference signals for sPUSCH
With 7-OS the need for multiplexing UL DMRS is limited to support UL MU-MIMO operation with unequal sPUSCH allocations, which is clearly a less likely scenario than DMRS sharing for different sTTIs in 2-symbol case. On the other hand, since the Rel-14 specifications (eFD-MIMO) already provide support for UL DMRS with RPF=2, the same design could be used with 7-symbols sTTI too, in addition to legacy DMRS. 
Proposal #2: sPUSCH for 7-OS PUSCH supports both RPF=1 and RPF=2.  
4. UL DMRS Indication
As mentioned in Section 1, a few UL DMRS signalling combinations were agreed at RAN1#89. On the other hand, the discussion was not conclusive with respect to a few other possible data and DMRS symbol combinations. In the following we discuss the remaining aspects of UL DMRS indication, and provide the reasoning for a few additional combinations.
One of the main design criteria is to enable scheduling of two data symbols in any sTTI as often as possible. This is obviously beneficial as it allows for maximizing throughput. We note that with the currently agreed combinations, it is not practical to schedule sTTI#1 and sTTI#2 back to back such that both would have two data symbols. In order to overcome this limitation, we see that including an option of scheduling DMRS-only in sTTI#0 would be beneficial. 
Observation #1: Including an option of scheduling DMRS-only in sTTI#0 facilitates full-drate data transmission in sTTIs #1 and #2.
Furthermore, in RAN1#89 it was agreed to support a combination D D | R in sTTIs #1, #3, and #4. The motivation relates to robustness in DMRS sharing; even if the UE misses the DCI scheduling a latter sTTI, the DMRS would transmitted and the eNodeB could successfully decode the data. We see no reason to prevent this kind of operation also between sTTIs #2 and #3, and there for see that combination D D | R should also be supported in sTTI#2.
Observation #2: Combination D D | R is also beneficial in sTTI#2, as it allows for reliable DMRS sharing between sTTI#2 and sTTI #3.
As for sTTI#2, the one additional spare code point could be used for indicating D R, or alternatively _ R to allow for DMRS sharing between sTTI#2 and sTTI #3. Correspondingly, sTTI3 should also support the option D D.  
Finally, for sTTI#5, we see that the option D D needs to be supported to allow for full-rate transmission when SRS are transmitted. Moreover, we see no need to avoid transmission of data or RS in every cell-specific SRS symbol; instead the UE could simply follow the data and DMRS indication, and depending on the eNodeB’s indication possibly also transmit data or RS in the cell-specific SRS symbol if the eNodeB so decides (e.g. when certain part of the cell-specific SRS symbol is unoccupied. On the other hand, if the eNodeB wants for multiplex data and/or UL DMRS with SRS in sTTI#5, it can be done by indicating either D D or R D, and the UE transmits the SRS (if configured or triggered) in the last symbols of the sTTI. 
Observation #3: There is no need to preclude data or DMRS transmission in cell-specific SRS subframes. Instead, the UE can directly follow the eNodeB’s indication. 
As a conclusion, we propose to adopt the 2/3-symbol sTTI data and DMRS signalling combinations in Table 2.
Proposal #3: Adopt the Table 2 (below) as the data and DMRS combinations for 2/3-symbol sTTIs.
Table 1. The proposed table for indication data and DMRS combinations for 2/3-symbol sTTI. The proposed additions on top of RAN1#89 agreements are highlighted in yellow.
	DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n

	sTTI 0
	sTTI 1
	sTTI 2
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	sTTI 4
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4. Summary
In this contribution, we consider aspects related to UL DMRS design for sTTI sPUCCH and sPUSCH. We make the following proposals.
Proposal #1: sPUCCH DMRS in a given cell uses the same length-12 UL DMRS sequences as LTE PUCCH 
Proposal #2: sPUSCH for 7-OS PUSCH supports both RPF=1 and RPF=2.
Observation #1: Including an option of scheduling DMRS-only in sTTI#0 facilitates full-drate data transmission in sTTIs #1 and #2.
Observation #2: Combination D D | R is also beneficial in sTTI#2, as it allows for reliable DMRS sharing between sTTI#2 and sTTI #3.
Observation #3: There is no need to preclude data or DMRS transmission in cell-specific SRS subframes. Instead, the UE can directly follow the eNodeB’s indication. 
Proposal #3: Adopt the Table 2 (below) as the data and DMRS combinations for 2/3-symbol sTTIs.
Table 1. The proposed table for indication data and DMRS combinations for 2/3-symbol sTTI. The proposed additions on top of RAN1#89 agreements are highlighted in yellow.
	DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n

	sTTI 0
	sTTI 1
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	sTTI 4
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