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Discussion and decision
1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. Regarding the shortened TTI, the updated WID was approved in RAN#73 [2]. The objectives of shortened TTI are as below.

	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)


This contribution considers the design aspects of DL DMRS for sTTI operations.
2 Discussions 

Until RAN1#89, the following were agreed.
	· For up to 2 layers sPDSCH in one sTTI, each layer maps to one different DL DMRS port, and each DMRS port has OCC-2 in time domain to support code division multiplexing.

· FFS on whether DL DMRS can be shared among multiple sTTIs for the same UE for 2/3-symbol sTTI.

· DL DMRS pattern for 2-layer 2/3-symbol sTTI occupies 2 symbols per sTTI, X subcarriers per N RB(s)

· Option 1: X = 3, N = 1
· Option 2: X = 2, N = 1
· Option 3: N > 1, with a fixed value of N and X, the specific values are FFS 

· Option 4: N and X are configurable, including the possibility that N = 1
· For 2-symbol sPDSCH transmission

· Maximum 4-layer is supported for CRS based sPDSCH transmission;

· At least 2-layer is supported for DMRS based sPDSCH transmission

· FFS the support for 4-layer DMRS based sPDSCH transmission

· For 1-slot sPDSCH transmission

· Maximum 4-layers is supported for CRS based sPDSCH transmission;

· At least 4-layer is supported for DMRS based sPDSCH transmission

· 8-layer transmission is not supported for DMRS based sPDSCH
· The sPRG size for 2/3os sPDSCH is N (sPRG of N RBs)

· FFS: N is the same for all system BW or is system BW specific

· Down-select N from [2, 3, 4 and 6]

· The DL DMRS pattern is fixed for 2-layer 2/3-symbol sPDSCH.
· Down-selected between option 1, 2, 3(X=2N+1 or X=2N, where N is the number of RBs).

· DL DMRS can be shared among 2 consecutive sTTIs for the same UE for 2/3-symbol sPDSCH.
· Sharing across subframes is not supported 

· FFS: Sharing across slots

· FFS: 3 consecutive sTTIs
· DL DMRS RE shift in frequency domain is supported when colliding with CRS RE.


Supporting number of layers 


The maximum number of layers for DMRS-based sPDSCH affects DMRS overhead. Therefore, the smaller number of layers are preferred than legacy LTE with 1ms TTI. 

Proposal 1: For 2symbol sTTI, the maximum number of layers for sPDSCH is 2 for DMRS-based sPDSCH.

DL DMRS sharing


Figure 1 shows an example of sharing and skipping DL DMRS for the same UE. In Figure 1-(a), DL DMRS in the contiguous sTTI’s can be generated by using OCC-4. Then, sTTI n and sTTI n+1 share DMRS transmitted over two sTTI’s. In this way of sharing, there must be an additional delay for decoding sPDSCH. In Figure 1-(b), DL DMRS in sTTI n+1 is skipped. The sPDSCH in sTTI n and the sPDSCH in sTTI n+1 share DL DMRS located in sTTI n. 

For both sharing options, there are two issues that need to be addressed. One is when miss detection happens. In this case, even if one of the two sDCI is missed, all of two sPDSCH cannot be successfully decoded. Another is the performance issue. For example, when DMRS is skipped as shown in Figure 1-(b), sPDSCH in sTTI n+1 should have worse performance than sPDSCH in sTTI n. This possibility of performance variation will degrade overall system performance.

In RAN1#89, DMRS sharing among consecutive sTTIs are agreed. To reduce the latency, “DMRS sharing” should mean skipping option as shown in Figure 1-(b).
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Figure 1: Example of DMRS (a) sharing and (b) skipping when the two sTTI’s are scheduled to the same UE
Proposal 2: “DMRS sharing” should mean skipping option as shown in Figure 1-(b).
DL DMRS pattern 

The configurability of the values X and N makes the complex UE implementation. For proper UE implementation, then it is better to use fixed numbers of X and N. Also, regarding the value of N, there is no strong motivation to use N greater than one. Between Option 1 and Option 2, the proper value of X can be decided by observing performance. If BLER performances of X=2 is similar to that of X=3, the value of X=2 will be preferred to reduce DMRS overhead. 
Proposal 3: Compare the performance and decide between Option 1 and Option 2.
OCC in time or frequency domain


Since LTE has been discussed, link-level performance has been investigated for many DMRS patterns. For given 
Configurability for channel estimation performance 


Regarding DMRS density, there is a trade-off between channel estimation performance and RS overhead. To utilize many RE’s as much as possible for sPDSCH, DMRS overhead should be reduced. Then, the channel estimation performance may be an issue. With preserving low DMRS overhead, the increase of PRB bundling size can be considered. Since RBG size can be increased for sTTI, PRB bundling size can be similarly increased. 

Another one is of configurability of DMRS density. For some specific use case, e.g. high speed scenario and frequency offset sensitive scenario, the eNB may increase DMRS density by higher layer signaling. 
Proposal 4: Increase PRB bundling size for sTTI operations.
Proposal 5: Consider whether to make DMRS density configurable by eNB.
3 Conclusions
In this contribution, the design aspects of DL DMRS are discussed. It can be summarized as below. 
Proposal 1: For 2symbol sTTI, the maximum number of layers for sPDSCH is 2 for DMRS-based sPDSCH.
Proposal 2: “DMRS sharing” should mean skipping option as shown in Figure 1-(b).
Proposal 3: Compare the performance and decide between Option 1 and Option 2.
Proposal 4: Increase PRB bundling size for sTTI operations.
Proposal 5: Consider whether to make DMRS density configurable by eNB.
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