3GPP TSG RAN WG1 Meeting #86bis
R1-1608636
Lisbon, Portugal, 10th - 14th October 2016
Agenda Item:
7.2.10.2.1
Source:
Huawei, HiSilicon

Title:
Discussion on sPDSCH design
Document for:
Discussion and decision 

1 Introduction

In RANP meeting #72 [1], “New Work Item on shortened TTI and processing time for LTE” was agreed and one objective of the WID is:
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

In RAN1 meeting #85, the following agreements regarding transmission modes or DL RS were reached:

Agreement:

· For sPDSCH based on a CRS based transmission scheme the maximum number of supported layers is 4

· For sPDSCH based on a DM-RS based transmission scheme shall be down-selected among the following options

· the maximum number of supported layers is 2

· the maximum number of supported layers is 4

· the maximum number of supported layers is 8

· FFS for sPDSCH based on a DM-RS based transmission scheme it is recommended to increased PRB bundling size compared to PDSCH for at least sTTI lengths shorter than 1-slot

In this contribution, sPDSCH design including DL DMRS, transmission modes, and TBS are discussed. 
2 DL DMRS
With TTI length being shortened, new DMRS pattern is needed to support sTTI transmission. To achieve high peak data rate and spectral efficiency, multiple spatial layer transmission is preferred. However, large number of spatial layers introduces large DMRS overhead. For tradeoff between spectral efficiency and DMRS overhead, at least up to 4-layer transmission is preferred for 2-symbol sTTI, and up to 8-layer transmission is preferred for 1-slot sTTI. 
Proposal 1:

· At least up to 4-layer transmission is supported for 2-symbol sTTI.
· Up to 8-layer transmission is supported for 1-slot sTTI.
Currently two candidates of DMRS patterns are proposed, where pattern 1 is based on multiple layers CDMed in frequency domain and pattern 2 is based on multiple layers CDMed in time domain. The examples of both DMRS patterns for 2-symbol and 1-slot sTTI are shown in Figure 1 and Figure 2, respectively. The example of 2-symbol sTTI is based on {3, 2, 2, 2, 2, 3} sTTI structure. For 2-symbol sTTI, pattern 1 DMRS is placed in the first symbol of each sTTI to reduce processing delay, and pattern 2 DMRS is placed across 2 symbols of each sTTI. For 1-slot sTTI, DMRS of both candidates is placed equably in both time domain and frequency domain to achieve better channel estimation. 
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Figure 1: Two candidate DMRS patterns for 2-symbol sTTI
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Figure 2: Two candidate DMRS patterns for 1-slot sTTI

Table 1 provides the overhead of candidate DMRS patterns when supporting 2-layer, 4-layer, and 8-layer transmission in one TTI/sTTI.
Table 1: Overhead of candidate DMRS patterns with different length of TTI
	Layer number
	2-symbol sTTI
	1-slot sTTI
	1 ms TTI

	
	pattern 1
	pattern 2
	pattern 1
	pattern 2
	

	2
	4 REs
	6 REs
	8 REs
	12 REs
	12 REs

	4
	4 REs
	12 REs
	8 REs
	24 REs
	24 REs

	8
	8 REs
	-
	16 REs
	24 REs
	24 REs


From Table 1, it is observed that the DMRS pattern 1 can support up to 8-layer transmission with an acceptable overhead even for 2-symbol sTTI. 
The performance evaluation for pattern 1 and pattern 2 for 2-symbol sTTI is also provided in previous meeting [3]. Based on the evaluation, it is observed that DMRS pattern 1 and DMRS pattern 2 share similar performance in QPSK scenario, while for 16QAM and 64QAM scenarios, DMRS pattern 1 obviously outperforms DMRS pattern 2 due to the comparable channel estimation performance and the lower RS overhead. In addition, DMRS pattern 1 can achieve comparable BLER performance to legacy 1ms TTI transmission according to the result in [2], with following observation reproduced:
Observation:

· For QPSK scenario, pattern 1 and the pattern 2 share similar performance.
· For 16QAM and 64QAM scenarios, pattern 1 obviously outperforms the pattern 2 due to the comparable channel estimation performance and the lower RS overhead.
· Pattern 1 can achieve comparable BLER performance to legacy 1ms TTI.
Based on the above discussions, it is proposed:
Proposal 2: DMRS for sTTI are code-multiplexed in frequency domain. 
3 Transmission mode 
· Supported TMs for sTTI 

Frame structure type 1, it is recommended to support TM1, TM2, TM3, TM4, TM9 and TM10.  For TM5, it is hard to achieve multi-user performance gain due to the scheduling limits of power sharing between multiple users, paired precoders selection, equal resource allocation, etc. For TM8, the benefit of TM8 based 2-layer transmission can also be achieved by TM9, at the meanwhile, TM9 can support up to 8 layers, so it seems not necessary to support TM8.
Frame structure type 2, since the DL channels and UL channels are transmitted in the same carrier, the channel-state information for DL may be measured by eNB through UL RS, TM8/9/10 are important in those scenarios which may obtain CSI through channel reciprocity. So it is recommended to support TM1, TM2, TM3, TM4, TM8, TM9 and TM10. 

Proposal 3: TM1, TM2, TM3, TM4, TM9 and TM10 for Frame structure type 1 and TM1, TM2, TM3, TM4, TM8, TM9 and TM10 for Frame structure type 2 and 3 are supported. 
· TM configuration
In previous RAN1 meeting, it was agreed that one UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or sTTI PDSCH unicast, which is beneficial to support both latency sensitive and latency non-sensitive services at the same time for downlink. To maximize eNB scheduling flexibility, it is preferred that transmission modes for sTTI and 1ms TTI are configured independently. 

In addition, if the measurement interval as well as reporting interval of CSI for sTTI is reduced compared to 1 ms TTI, the reported CSI could quickly track the channel variation in high velocity scenario. In this case, dense RS for CSI measurement may be needed for sTTI. Allowing different measurement RS or antenna ports for sTTI and 1ms TTI can save RS overhead. 

Proposal 4: DL transmission modes for sTTI and 1 ms TTI can be configured independently.
4 TBS determination 
With TTI length being shortened, TBS should be scaled down corresponding to sTTI length.
Proposal 5: TBS for sTTI is scaled down according to sTTI length. 

5 Conclusion
In this contribution, sPDSCH design including DL DMRS, transmission modes, and TBS are discussed. The following proposals are made:

Proposal 1:

· At least up to 4-layer transmission is supported for 2-symbol sTTI.
· Up to 8-layer transmission is supported for 1-slot sTTI.
Proposal 2: DMRS for sTTI are code-multiplexed in frequency domain. 
Proposal 3: TM1, TM2, TM3, TM4, TM9 and TM10 for Frame structure type 1 and TM1, TM2, TM3, TM4, TM8, TM9 and TM10 for Frame structure type 2 and 3 are supported. 
Proposal 4: DL transmission modes for sTTI and 1 ms TTI can be configured independently.
Proposal 5: TBS for sTTI is scaled down according to sTTI length. 
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