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1. Introduction

To improve the spectral efficiency of wireless transmission under high-SNR and low-velocity channel scenarios, a new WID [1] on enhancements for high capacity stationary wireless link and introduction of 1024 QAM for LTE was approved in RAN#75 meeting. One objective of the WID is to specify DMRS overhead reduction using OCC4 for DL SU-MIMO rank 3/4 in TM 9/10. 
In RAN1 #89 meeting, DMRS overhead reduction for DL SU-MIMO rank 3/4 in TM 9/10 was discussed, and the following agreements had been reached [2]: 
Agreements:
· New entries in DMRS table to support DMRS density reduction

· At least including the following entries in DMRS table at least for two enabled CWs.

· 3 layers, ports 7,8,11 (OCC=4)

· 4 layers, ports 7,8,11,13 (OCC=4)

· FFS: also for one enabled CW case

· This applied to both TM9 and 10

· FFS: new DMRS table or modification based on legacy table

· FFS: introducing n_scid for MU-MIMO

· FFS: Additional DMRS overhead reduction scheme for rank 3/4 transmission 

In RAN1 #90 meeting, DMRS overhead reduction for DL SU-MIMO rank 3/4 in TM 9/10 was further discussed with the following agreed [3],

Agreements:
· Introduce new entries, i.e., 3/4-layer(port 7, 8 and 11 for 3 layers, port 7,8,11 and 13 for 4 layers) OCC=4 for two enable CWs, to existing 4-bit DMRS table

· FFS: Support OCC4 for rank 3 and 4 in one enabled CW case

In this contribution, remaining issues related to DMRS overhead reduction will be discussed. These include OCC4 for rank 3 and 4 in one enabled CW case, n_scid for MU-MIMO, and additional DMRS overhead reduction schemes
2. OCC4 for Rank 3 and 4 in One Enabled CW Case
One enabled CW for 3/4 layers transmission is used only for re-transmission when initial transmission consists of two codewords with more than 5 layers but one of them could not be decoded correctly. To decide if we should support OCC4 for rank 3 and 4 in one enabled CW case, the following two factors need to be taken into account. First, it is shown in [4] that DMRS overhead reduction using OCC4 for rank 3/4 provides very limited gain (6%) under ideal channel estimation assumption. In the real communication system where non-ideal channel estimation is used, performance gain will be further reduced. The second factor is that the probability of re-transmission after initial transmission is around 10%. Considering both these two factors, the benefit of using OCC4 for rank 3 and 4 in one enabled CW case will be very small. Unless additional DMRS overhead reduction scheme is introduced to further improve the performance gain, we do not prefer to introduce OCC4 for rank 3 and 4 in one enabled CW case. 
Proposal 1: DMRS table for one enabled CW case should not be modified. OCC4 for rank 3 and 4 in one enabled CW case is not supported.

3. MU-MIMO Transmission with Rank 3 and 4
The introduction of DMRS overhead reduction using OCC4 makes MU-MIMO transmission with rank 3/4 possible. However, since the objective of this WID [1] is to specify DM-RS overhead reduction using OCC4 for DL SU-MIMO rank 3/4 in TM9/10, we think that MU-MIMO transmission is not in the scope of the work item. We should focus on SU-MIMO related DMRS overhead reduction topics. Therefore, we prefer not to consider MU-MIMO rank 3/4 transmission in this WI. 
Proposal 2: MU-MIMO transmission with rank 3/4 is not considered in this work item. 

4. Further DMRS Overhead Reduction Scheme
As pointed out in [3], the basic idea of DMRS overhead reduction using OCC4 for DL SU-MIMO rank 3/4 in TM 9/10 is to share M (M<24) REs in each sub-frame among ports 7/8/9/10 using OCC4. Some initial simulation results have been reported in [4] for the case where N is set to be 12 with the assumption of ideal channel estimation. The reported simulation results show that small performance gains (< 6%) can be achieved. It is therefore important to consider further DMRS overhead reduction schemes on top of OCC-4 to achieve larger gain. In this section, we present a further DMRS overhead reduction scheme for rank 3/4 transmission. Some initial evaluation results are presented as well.
We propose a dynamic DMRS pattern allocation policy to further reduce DMRS overhead. Depending on whether the assigned PMIs in two consecutive subframes are same or not, two consecutive subframes may use different DMRS patterns. At the very begining of each subframe, eNB will check whether the new assigned PMIs of a UE is the same as the used PMIs in the last subframe. If PMIs are the same for two consecutive subframes, a DMRS pattern with M REs will be adopted. Otherwise, a DMRS pattern with N (N>M) REs will be adopted. Note that for the first subframe of a data transmission, a DMRS pattern with N REs will be used. To make sure each subframe contains DMRS signals, we set a lower bound of M to be 4, .i.e, M≥4. One possible choice for parameters N and M is N=12 and M=4. With this parameter setting, the DMRS overhead of the subframe, which uses the same PMIs as that of the previous subframe, can be further reduced by 66.7%. The DMRS patterns presented in Figures 2 and 3 can be used for M=8 and M=4, respectively. The main difference between patterns 1 and 2 in Figure 2 is that the DMRS REs of pattern 1 have backwards compatibility while the DMRS REs of pattern 2 are evenly distributed within the PRBs. 
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       (a)  Pattern 1                                            (b) Pattern 2

Figure 2: DMRS overhead reduction patterns with M=8 DMRS REs
The main difference between 5 patterns in Figure 3 is the distribution of DMRS REs within PRB. Depending on the channel condition, eNB can select the most appropriate pattern. DMRS pattern 3 is more suitable for the channel with relatively lower variation in the frequency domain. On the other hand, DMRS patterns 4 and 5 are more suitable for the channels with relatively lower variation in the time domain. For the channel with variation in both the time and frequency domains, DMRS patterns 6 and 7 should be used. Note that the DMRS REs of patterns 4 and 6 have backwards compatibility while the DMRS REs of patterns 5 and 7 are evenly distributed within the PRBs.
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         (a)  Pattern 3                                            (b) Pattern 4
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       (c)  Pattern 5                                            (d) Pattern 6
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                                    (e)  Pattern 7                                          

Figure 3: DMRS overhead reduction patterns with M=4 DMRS REs
DMRS overhead reduction leads to an inevitable degradation of channel estimation accuracy. This may degrade the system performance. To overcome the possible performance degradation due to DMRS overhead reduction, joint channel estimation method can be used by exploiting the DMRS in the neighbour subframes. There is a trade-off between the complexity of joint channel estimation and performance gain. The complexity-performance trade-off of joint channel estimation can be achieved, for example, by limiting the number of consecutive subframes of which the DMRS signals will be considered for joint channel estimation.  In the following, we assume that at most 3 consecutive subframes are considered for joint channel estimation. Based on the PMIs of the previous subframes, the joint channel estimation in subframe n can be implemented as following: 
(1) If DMRS pattern with N REs is adopted in subframe n, channel estimation is based only on the DMRS signals in subframe n. No joint channel estimation is needed.

(2) If DMRS pattern with M REs is adopted in subframe n and DMRS pattern with N REs is adopted in subframe n-1, channel estimation is based on the DMRS signals in both subframes n-1 and n. Therefore, a total of M+N DMRS signals are used jointly for the estimation of channel coefficient in subframe n.
(3) If DMRS pattern with M REs is adopted in subframe n, and DMRS patterns with M and N REs are adopted in subframe n-1 and n-2, respectively, channel estimation is based on the DMRS signals in subframes n-2, n-1, and n. Therefore, a total of 2M+N DMRS signals are used jointly for the estimation of channel coefficient in subframe n.

It should be pointed out that the proposed DMRS overhead reduction scheme will not introduce any signalling overhead. Based on the detected PMIs, the used DMRS pattern for each subframe can easily be inferred by UE.
We have evaluated the normalized throughput performance, which is defined to be the ratio between number of correctly decoded subframes and total number of transmitted subframes. The impact of HARQ function is not evaluated by disabling retransmissions. The detailed simulation assumptions are listed in Appendix. The simulation results are presented in Figure 4. 
It can be seen from Figure 4(a) that a throughput gain of up to 23% can be achieved at SNR=26 dB by using the new dynamic DMRS overhead reduction scheme 2. If CFI is reduced from 2 to 1 symbol, a throughput gain of about 13% can still be achieved at SNR=24 dB, as shown in Figure 4(b). For the case with 256QAM modulation and CFI=2, we can find from Figure 4(c) that a throughput gain of about 21% can be attained at SNR=20 dB. If CFI is reduced from 2 to 1 symbol, a throughput gain of about 23% is observed at SNR=18 dB, as shown in Figure 4(d).These performance gains come from the improved channel estimation quality due to joint channel estimation method and a lower code rate for the same TBS resulted from the reduced DMRS overhead REs.
Based on the simulation results, we can have the following observation and proposal:
Observation 1: The dynamic DMRS overhead reduction scheme can achieve significant gain against the DMRS pattern with 12 REs

Proposal 3: The dynamic DMRS overhead reduction scheme should be considered for further improving the spectrum efficiency. 
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           (a) 1024QAM, TBS=4136, CFI=2                     (b) 1024QAM, TBS=4136, CFI=1
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       (c) 256QAM, TBS=3368, CFI=2                       (d) 256QAM, TBS=3368, CFI=1
Figure 4: Normalized throughput performance for DMRS patterns with 12REs and dynamic REs (Scheme 2)
5. Conclusion

In this contribution, we discuss remaining issues related to DMRS overhead reduction. A further DMRS overhead reduction schemes for rank 3/4 transmission is presented with some initial evaluation results. We have the following observations:
Observation 1: The dynamic DMRS overhead reduction scheme can achieve significant gain against the DMRS pattern with 12 REs
Proposal 1: DMRS table for one enabled CW case should not be modified. OCC4 for rank 3 and 4 in one enabled CW case is not supported.

Proposal 2: MU-MIMO transmission with rank 3/4 is not considered in this work item. 

Proposal 3: The dynamic DMRS overhead reduction scheme should be considered for further improving the spectrum efficiency. 
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Appendix

Table 1: Parameters of link level evaluations
	Channel model 
	TDL-A with delay spread of 10ns

	Doppler 
	5Hz

	Resource allocation
	4 PRBs

	TBS
	3368/1416

	DMRS Pattern Parameters
	N=12, M=4

	Number of Tx/Rx antennas 
	2Tx/2Rx 

	Transmission modes 
	TM4 for closed loop, 1 layers

	Modulation and mapping 
	256QAM/64QAM with Gray mapping

	HARQ
	No

	Link adaptation scheme 
	Fixed MCS

	Channel estimation 
	Realistic (Joint channel estimation)

	Overhead assumption
	CFI=1/3; 2-port CRS

	Antenna correlation (Tx and Rx) 
	Low 


