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1 Introduction

In the RAN1 meeting #88, it has been agreed that [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

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

· 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 the RAN1 meeting #88bis, further it has been agreed that:

· For 7-symbol sTTI, 8-layer transmission is not supported for DMRS based sPDSCH

This contribution mainly discusses DL DMRS related issues, including supported maximum number of transmission layers for DMRS based sPDSCH, DMRS sharing for 2/3-symbol transmission and DMRS pattern design for 2/3-symbol and 1-slot sTTI.
2 Maximum number of transmission layer
In legacy LTE, up to 8 layers can be supported for DMRS based PDSCH transmission to achieve high peak data rate and spectral efficiency. In the same reason, multiple spatial layer transmission should also be supported in sTTI as in legacy LTE. However, large DMRS overhead within a shortened TTI length would be needed to support large number of spatial layers. Considering the tradeoff between spectral efficiency and DMRS overhead, we propose that up to 4-layer transmission is supported for 2/3-symbol. 
Proposal 1: Up to 4-layer transmission is supported for 2/3-symbol sTTI.
3 DL DMRS pattern
3.1 DL DMRS for 2/3-symbol sPDSCH
With shortened TTI length, the bandwidth allocated to a UE will be large especially for 2/3-symbol sTTI. Therefore, we propose that RB bundling based channel estimation at least for 2/3-symbol sTTI should be mandatory to improve channel estimation accuracy.
Proposal 2: RB bundling based channel estimation for DMRS is mandatory at least for 2/3-symbol sTTI.

If DMRS pattern is configurable with variable RS REs per N RBs for DMRS based sPDSCH transmission, UE will be required to implement different sets of channel estimation for different DMRS patterns, which will bring large implementation complexity on UE. 

For option 3, there are two kinds of DMRS pattern, one is that DMRS REs is identically distributed in each RB within N RBs, the other is that DMRS is non-identically distributed within the N RBs. For the former one, performance gain can be expected since it is equivalent to the mandatory operation of RB bundling based channel estimation with either option 1 or option 2. For the latter one, the performance of this pattern shall be evaluated to justify the potential gain.
Therefore, with mandatory RB bundling based channel estimation, option 1 and option 2 are preferred.
The performance of sTTI with DMRS pattern option 1 (3 subcarriers per RB) and option 2 (2 subcarriers per RB) are evaluated and compared, with results shown in Figure 1. The same TBS is used for different DMRS patterns. The detailed simulation assumptions are in Table 1 and 2.
[image: image1.emf]
Figure 1 Performance of DMRS frequency density as 2 and 3 subcarriers per RB (option 1 and 2)
From Figure 1, it can be seen that compared with 3 subcarriers per RB, 2 sc per RB provides about 0.7dB gain for QPSK. For 16QAM, the sPDSCH with 2sc per RB can be decoded, but fails to be decoded with 3sc per RB since the code rate in this case is higher than 1 due to larger RS overhead. Generally, to transmit the same TBS, sPDSCH with 2 sc per RB can have lower coding rate with reduced frequency density, hence have better performance.
Observation 1: Compared with 3 subcarriers per RB, the DL DMRS pattern with 2 subcarriers per RB can provide performance gain.
In addition, with performance evaluations discussed in previous meetings [2][3], it can also be observed that 2sc per RB is better than 3sc per RB in different scenarios. Considering the performance benefit, we propose that option 2 is supported.
Proposal 3: The DMRS for 2/3-symbol sPDSCH occupies 2 subcarriers per RB (option 2).
If the number of PDCCH symbol is 1, the sTTI structure for 2/3-symbol is {3, 2, 2, 2, 2, 3} and the DMRS for sTTI 0 shall be located on the last two symbols of sTTI 0 to avoid collision with PDCCH symbol. For other 3-symbol sTTI cases, e.g., sTTI 1 with 2 PDCCH symbols, or sTTI 5, the DMRS shall be located on the first two symbols of the 3-symbol sTTI for fast demodulation. The proposed DMRS pattern for 2/3-symbol sTTI is shown in Figure 2.
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Figure 2: DMRS patterns of 2/3-symbol sTTI for different PDCCH symbols
3.2 DL DMRS for 1-slot sPDSCH
For 1-slot sTTI, it is not necessary to reduce the RS density in frequency domain since the impact of DMRS overhead in one slot is small, so legacy DMRS pattern shall be reused as much as possible. Considering the processing delay as well as channel estimation performance in time domain, it is better to place DMRS in the middle of one slot than at the end of the slot. Therefore, placing legacy DMRS in the middle of one slot should be a starting point for slot-based sTTI. Whether to increase DMRS density in time domain to improve channel estimation for high speed scenarios could be further studied. In addition, this issue should be further considered with DMRS based sPDCCH since DMRS overhead will be large if sPDCCH occupies parts of sPDSCH resource and sPDSCH and sPDCCH have separate DMRS. Allowing DMRS sharing between sPDSCH and sPDCCH could be considered to reduce overhead, as discussed in our companion contribution [4].
If the number of PDCCH symbol is smaller than 3, the DMRS symbols could be placed on symbol 2 and 3 for the first slot. If the number of PDCCH symbol is 3, the DMRS symbol could be placed on symbol 3 and 4 for the first slot, with some DMRS subcarriers shift to avoid collision between DMRS and CRS. The proposed DMRS pattern for 1-slot sTTI is shown in Figure 3.
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Figure 3: DMRS pattern for 1-slot sTTI

Proposal 4: For 1-slot sPDSCH, DMRS pattern in Figure 3 is supported.
3.3 Collision with other reference signals
Note that in legacy LTE, although CRS REs are shifted in frequency domain according to cell ID but DMRS REs have fixed subcarrier indexes in one RB, there are no collision between CRS REs and DMRS REs since CRS and DMRS are positioned in different symbols. However, CRS and DMRS are supposed to be transmitted in the same symbol for 2/3-symbol sTTI and 1-slot sTTI. To avoid the collision between CRS REs and DMRS REs, it is preferred to shift DMRS REs along with CRS REs.

Proposal 5: DMRS REs are shifted around CRS REs in frequency domain in one RB for both 2/3-symbol sTTI and 1-slot sTTI.
4 DL DMRS sharing for 2/3-symbol sTTI
Considering the reduced TTI length with self-contained DMRS increases DMRS overhead for 2/3-symbol sPDSCH, DMRS sharing can be considered.

The performance of self-contained and shared DMRS are evaluated and compared, with the results shown in Figure 4. The DMRS pattern in Figure 5 is used in the evaluation. For DMRS sharing, the DMRS in sTTI3 is used to demodulate the sPDSCH in sTTI4. For comparison, the performance of sPDSCH in sTTI4 with self-contained DMRS is also evaluated. The detailed simulation assumptions are in Table 1 and 2. 
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Figure 4 Performance comparison between shared and self-contained DMRS for sTTI4
From Figure 4, it can be seen that the gain of DMRS sharing is about 0.6dB for QPSK, 2.5dB for 16QAM and 4dB for 64QAM. This is because with the same TBS transmitted in sTTI4, the coding rate of DMRS sharing is lower than that of self-contained DMRS.

Observation 2: For low speed channel, DMRS sharing can provide 0.6~4dB gain.
Considering the performance in some scenarios, DL DMRS sharing for 2/3-symbol sPDSCH should be supported.
Proposal 6: DL DMRS sharing/multiplexing is supported for 2/3-symbol sPDSCH. 
There can be two options for indication of DL DMRS sharing:

· Opt 1: DMRS position;

· Opt 2: DMRS presence.

The disadvantage of option 2 is that if UE misses the DL assignment of the sTTI which contains the DMRS, the UE would also fails the decoding of sPDSCHs which shares the DMRS. By buffering the symbols of previous sTTIs containing candidate DMRS, option 1 can solve the DCI miss problem. By limiting the number of sTTIs sharing the same DMRS, the buffer requirement can be limited. Therefore, from performance point of view, we propose that the DMRS position should be indicated for DL DMRS sharing.

Proposal 7: DL DMRS position is indicated to UE in sDCI for DL DMRS sharing.
DL DMRS resource sharing requires UE to buffer the DL signals (e.g., the DMRS symbols) from the farthest sTTI which may carry DMRS to reduce grant miss impact on demodulation. For example, assuming two continuous sTTIs could share the same DMRS resource, one UE should not discard the content of last sTTI until it has finished detecting of current sTTI and has determined no sharing of DMRS in last sTTI. However, buffering DL signals of many sTTIs in this case would increase the implementation cost at UE side. The larger the number of sPDSCH sharing the same DMRS is, the larger the cost would be. Furthermore, DMRS sharing between multiple sTTIs introduces extra scheduling limit since the frequency resource of sTTI without DMRS should be within the frequency resource of sTTI with DMRS.

Considering the benefit of DMRS sharing, buffer cost and scheduling limitation, it is proposed that at most two continuous sTTIs share one DMRS resource. Correspondingly, only one bit is needed to indicate whether the DMRS is transmitted in current sTTI or in the last sTTI, thus DCI payload size is reduced. 

Proposal 8: At most two contiguous sTTIs can share the same DMRS, and there is 1 bit in sDCI to indicate that DMRS is in the associated sTTI or the previous sTTI.
5 Conclusion
This contribution mainly discusses DL RS related issues, with following observations:

Observation 1: Compared with 3 subcarriers per RB, the DL DMRS pattern with 2 subcarriers per RB can provide performance gain.

Observation 2: For low speed channel, DMRS sharing can provide 0.6~4dB gain.
In addition, the following proposals are made:
Proposal 1: Up to 4-layer transmission is supported for 2/3-symbol sTTI.
Proposal 2: RB bundling based channel estimation for DMRS is mandatory at least for 2/3-symbol sTTI.

Proposal 3: The DMRS for 2/3-symbol sPDSCH occupies 2 subcarriers per RB (option 2).
Proposal 4: For 1-slot sPDSCH, DMRS pattern in Figure 3 is supported.
Proposal 5: DMRS REs are shifted around CRS REs in frequency domain in one RB for both 2/3-symbol sTTI and 1-slot sTTI.
Proposal 6: DL DMRS sharing/multiplexing is supported for 2/3-symbol sPDSCH. 
Proposal 7: DL DMRS position is indicated to UE in sDCI for DL DMRS sharing.
Proposal 8: At most two contiguous sTTIs can share the same DMRS, and there is 1 bit in sDCI to indicate that DMRS is in the associated sTTI or the previous sTTI.
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Appendix A: Performance Evaluation

A.1 Simulated patterns
· Pattern 1: X = 3, N = 1 (noted as ‘3RE/RB’ in the figure);

· Pattern 2: X = 2, N = 1 (noted as ‘2RE/RB’ in the figure).
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Figure 5: Simulated DMRS patterns for 2/3-symbol sTTI

A.2 Simulation assumptions
Table 1: Simulation assumptions of DMRS based sTTI

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2 OS/ 3 OS 

	Allocated bandwidth
	30 PRBs

	Channel model and UE velocity
	ETU 3km/h

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

	Antenna correlation 
	Uncorrelated

	CP length
	Normal

	Transmission mode
	TM9

	PRB bundling
	3 RBs

	Receiver type
	MMSE

	Channel estimation
	Practical

	Rank adaptation
	Fixed Rank 1

	Link adaptation
	Disabled

	MCS and TBS 
	See Table 2

	Precoding codebook 
	Fixed

	HARQ retransmission 
	Disabled

	Target sTTI 
	sTTI 3, sTTI 4, sTTI 5

	RS configuration
	2 RE/RB, 3RE/RB

	Performance metrics
	BLER


Table 2: TBS and code rate (CR) of sTTI
	Scenario
	QPSK, TBS 376
	16QAM, TBS 1736
	64QAM, TBS 2984

	
	X=3, N=1
	X=2, N=1
	X=3, N=1
	X=2, N=1
	X=3, N=1
	X=2, N=1

	CR of sTTI 3
	With RS
	0.4762
	0.4167
	1.0476
	0.9167
	1.1937
	1.0444

	CR of sTTI 4
	With RS
	0.3704
	0.3333
	0.8148
	0.7333
	0.9284
	0.8356

	
	Without RS
	0.2778
	0.2778
	0.6111
	0.6111
	0.6963
	0.6963

	CR of sTTI 5
	Without RS
	0.2083
	0.2083
	0.4583
	0.4583
	0.5222
	0.5222


A.3 Simulation results
Target sTTIs include sTTI 3, 4, 5:
· sTTI 3: self-contained DMRS in sTTI 3
· sTTI 4: DMRS in sTTI 3 is used for the demodulation of sPDSCH in sTTI 4

· sTTI 5: DMRS in sTTI 3 is used for the demodulation of sPDSCH in sTTI 5

[image: image6.emf]
Figure 6: Performance of sTTI 3, 4, 5 based on DMRS sharing 

Target sTTI is sTTI 4:

· case 1: self-contained DMRS in sTTI 4
· case 2: DMRS in sTTI 3 is used for the demodulation of sPDSCH in sTTI 4

[image: image7.emf]
Figure 7: Performance of sTTI 4 with or without self-contained DMRS 
