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1 Introduction
In RAN1#88 meeting [1], DMRS design in sPDSCH was discussed in latency reduction, it was agreed that:
· 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

· FFS the support for 8-layer DMRS based sPDSCH transmission 

Agreements:
· 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

In RAN1#88bis meeting [2], the supported maximum layers of 1-slot sPDSCH transmission was agreed as following:
Agreements:
· For 7-symbol sTTI, 8-layer transmission is not supported for DMRS based sPDSCH
In this contribution, we mainly discuss the DMRS pattern of DL sTTI.
2 Discussion
2.1 DMRS pattern design for sPDSCH
In this section, we provide DMRS pattern design for 2-symbol and one-slot sPDSCH, respectively. 
DMRS for DL 2-symbol sTTI 

Figure 1 shows the DMRS patterns of option 1 and option 2 for 2-layer 2/3-symbol sTTI. As shown from the simulation results in Appendix B, CDM-T-P1 has the similar BLER performance and higher throughput performance compared to CDM-T-P2 when PRB bundling is applied, CDM-T-P1 is preferable and it could support up to 4 layers by increasing the DMRS overhead as shown in figure 2. For option 4, a configurable DMRS pattern would increase the complexity of receiver and need to consider the pattern parameters indication.  Furthermore, DMRS based 2-symbol sTTI should support maximum 4 layer to match the MIMO capability with CRS based TM. 
Proposal 1: For DL 2-layer 2/3-symbol sTTI, the CDM-T-P1 pattern of option 2 should be supported.

Proposal 2: The maximum number of supported layers is 4 for DL 2-symbol sTTI.
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Figure 1: DMRS design for 2-symbol sTTI
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Figure 2: CDM-T-P1 for up to 4 layers
DMRS for DL one-slot sTTI 

Figure 3 shows three different DMRS patterns for sTTI of 7-symbols length, It is noticed that CDM-T-P3 as shown in figure 3(a) reuses the legacy DMRS structure, while CDM-T-P5 shifts the legacy DMRS more front within the TTI in time domain. It is also noted that in all the three DMRS patterns for 7os TTI, the DMRS are mapped in the OFDM symbols without legacy CRS. 
We also made simulations for 7-symbol sTTI. From the simulation results in Appendix B, CDM-T-P5 has better performance than the legacy DMRS in case of higher modulation order at 60km/h, but they both has poor performance in case of higher modulation order at high UE speed. CDM-T-P4 has obviously best performance among them. As discussed in 2-symbol sTTI, the CDM-T-P1 proposed, so it is reasonable to support CDM-T-P4 for one-slot sTTI to achieve some similarity. Figure 4 is the CDM-T-P4 for different PDCCH symbols.
Proposal 3: For DL 4-layer 7-symbol sTTI, the CDM-T-P4 pattern should be supported.
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Figure 3: DMRS design for one slot TTI
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Figure 4: CDM-T-P4 for different DL control symbols
2.2 DMRS design for sPDCCH
It was agreed to support DMRS-based sPDCCH. The DMRS pattern design for sPDCCH will be dependent on the mapping method of sPDCCH and the multiplexing with sPDSCH for different TTI length. 
For 2-symbol sTTI case, it is preferred to have sPDCCH and sPDSCH FDM multiplexed at RB level, as discussed in [3]. In this case, the same DMRS pattern can be used for sPDCCH and sPDSCH as they will not be multiplexed within the PRB, however, the DMRS antenna ports can be separately defined. 
For 7-symbol sTTI case, as discussed in [3], it is proposed to transmit the sPDCCH in the front of the sTTI to enable the early decoding. The common sPDCCH structure which has 2-symbol duration can be designed for 2-symbol and 7-symbol sTTI. As frequency distributed transmission should be support for sPDCCH, the sPDCCH DMRS density should be guaranteed since PRB bundling may not be available in the distributed transmission. Therefore we proposed the CDM-T pattern with same frequency density as legacy, i.e. X=3, N=1, for sPDCCH, as shown in figure 5. Separated DMRS ports for TDM multiplexed sPDCCH and sPDSCH is preferred since that data and control can use optimal precoder individually. In addition, separate DMRS ports could enable TDM mulplexing of sPDCCH and sPDSCH to different users in the same PRB. 
Based on discussion in section 2.3, CDM-T-P4 is proposed as DMRS pattern for 7-symbol sTTI. Then in a PRB with both sPDCCH and sPDSCH in the 1st slot, the DMRS for sPDSCH may have to be transmitted in the sPDCCH symbols. It could be consider to reserve some REs as sPDSCH DMRS within sPDCCH region in first slot. As depicted in figure 5, there are 4 reserved REs in sPDCCH region, the sPDCCH is not mapped to these reserved resource in first slot. DMRS pattern of data channel shifts CDM-T-P4 in frequency domain which could get better estimation performance and avoid different pattern between two slots.
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Figure 5: Proposed sPDCCH and sPDSCH structure with reserved resource in sPDCCH region
Proposal 4: For 2-symbol sTTI, sPDCCH and sPDSCH uses the same DMRS pattern but different antenna ports. 
Proposal 5: For slot-level sTTI, separate DMRS pattern and antennal ports for sPDCCH and sPDSCH should be considered. 
3 Conclusion

In this contribution, the design of DMRS based sPDSCH transmission was discussed. Based on the evaluations, we have the following proposals:
Proposal 1: For DL 2-layer 2/3-symbol sPDSCH, the CDM-T-P1 pattern of option 2 (i.e. X=2, N=1) should be supported.

Proposal 2: The maximum number of supported layers is 4 for DL 2-symbol sTTI.
Proposal 3: For DL 4-layer 7-symbol sPDSCH, the CDM-T-P4 pattern (i.e. X=2, N=1) should be supported.
Proposal 4: For 2-symbol sTTI, sPDCCH and sPDSCH uses the same DMRS pattern but different antenna ports. 
Proposal 5: For slot-level sTTI, separate DMRS pattern for sPDCCH and sPDSCH should be considered. 
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5 Appendix A: evaluation assumptions table
Table 1: Evaluation Assumptions
	Parameter
	Assumptions

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2/7 symbols

	Allocated bandwidth
	50 PRBs 

	Channel model 
	EPAand ETU

	UE speed
	3km/h, 60km/h,

	Antenna configuration
	2Tx(eNB), 2Rx(UE), 

	Antenna correlation
	Uncorrelated

	Legacy PDCCH region
	2 OFDM symbols

	CP length
	Normal

	Transmission mode
	TM9 

	RS configuration
	TM9: 2 CRS ports, Detailed DMRS pattern 

	Receiver type
	MMSE

	Channel estimation
	Practical

	Rank adaptation
	Fixed Rank 2

	Link adaptation
	Disabled

	Modulation and code rate
	64QAM 5/6, 16QAM 3/4, QPSK 1/3;

	Precoding codebook
	Fixed

	TBS determination
	Scale TBS size with TTI length

	HARQ retransmission
	Disabled 

	Performance metrics
	BLER, THROUGHPUT


6 Appendix B: Performance results for 2-symbol and 7-symbol sTTI
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Figure 9: 2-symbols sTTI,EPA, 3km/h, PRB bundling of 3
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Figure 9: 2-symbols sTTI, ETU, 60km/h, PRB bundling of 3
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Figure 10: 7-symbols sTTI, EPA, 3km/h, PRB bundling of 3
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Figure 11: 7-symbols sTTI, ETU, 3km/h, PRB bundling of 3
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