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Discussion and Decision
1. Introduction
It is agreed in last RAN1 meeting [1] to evaluate the performance gain from overhead reduction of UE specific reference signals. In this paper, we focus on the gain mechanism and show initial evaluation results of some potential DL DM-RS overhead reductions.
2. Gain mechanisms of DL DMRS overhead reduction
DM-RS overhead reduction exploits the possibility of assigning some of the REs that form the legacy DM-RS patterns in TM-9 and TM-10 to PDSCH additionally. The main potential gain mechanisms when having slightly more PDSCH REs available are summarized as:
1. Gain from utilization of higher transport block sizes (TBS): the increased PDSCH region may result in higher TBS and thus lead to higher throughput compared to a case where Rel. 9-11 DM-RS pattern is used
2. Gain from more robust coding: in case normal DM-RS and reduced DM-RS adopt the same TBS, the throughput in a single transmission is naturally the same. However, reduced DM-RS can have larger PDSCH region resulting in a lower code rate for the same TBS, leading to improved decoding performance at the UE.

It should be noted here that while the eNB is free to adopt more conservative or aggressive MCS reported by the UE, leading to smaller or larger TBS, respectively, the highest TBS or MCS level that a UE needs to try to decode in the initial transmission is upper limited for LTE system in section 7.1.7 of 36.213:

“The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.930, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits) divided by the number of physical channel bits on PDSCH” 
Given that 0.93 CR is a hard limit on the effective code rate, the situations where reduced DM-RS can provide a gain from using higher TBS are especially those where PDSCH transmission is below the maximum code rate achieved with normal DM-RS pattern. For example, considering the case of maximum TBS for a certain bandwidth allocation N_PRB achieved with 64QAM modulation defined in table 7.1.7.2.1 of 36.213, the above condition can directly lead to following equation:

Code_rate = (Max_TBS_N_PRB+ N_CRC*24) / (12*14-(X+Y))*6*N_PRB < 0.93,
where X is the cell specific overhead per PRB including PDCCH and CRS, Y is the number of DM-RS REs/PRB in the DM-RS pattern, N_PRB is the number of allocated PRBs for PDSCH transmission, N_CRC is the number of attached CRC (36.212, section 5.1.2) and Max_TBS_N_PRB is the maximum TBS for N_PRBs defined in table 7.1.7.2.1 of 36.213. For N_PRB = 6, we conclude that the maximum TBS can only be applied for N_PRB=6 if 
X+Y ≤ 36.82 

As X and Y are both integer values, there is gain from using higher TBS for reduced DM-RS (with Y<12) compared to legacy DM-RS (with Y=12) for allocation sizes of 6 when X>24 and X+Y≤36. Let us then consider the following potential PDCCH and CRS configurations below:

Case 1: 1 symbol PDCCH+1 CRS port ( X=18
Case 2: 1 symbol PDCCH+2 CRS port ( X=24

Case 3: 2 symbol PDCCH+1 CRS port ( X=30

Case 4: 2 symbol PDCCH+2 CRS port ( X=36

It is clear that for N_PRB=6 considered now specifically here as an example, only case 3 (with X=30) above allows for the maximum TBS to be achieved for some reduced DM-RS with Y≤6 whereas for the legacy DM-RS the highest TBS would not need to be decoded in the initial transmission by the UE, and therefore should not be applied by the network when trying to optimize the overall throughput. 

Please note that the computation above is only valid for the case of 2 DM-RS ports, and the reference cases and maximum number of DM-RS REs in the reduced DM-RS patter for which gains can be found would vary accordingly for rank>2 PDSCH transmission. Hence, it is clear that even though there is potential gain from enabling use of highest TBS in some specific overhead cases with reduces DM-RS, the gain is heavily dependent on the reference overhead configuration, and hence cannot be guaranteed for all system configurations of interest. 
Observation 1: Gain from achieving maximum TBS/MCS28 through reduced DM-RS overhead is heavily dependent on the reference configuration, and hence cannot be guaranteed for all system configurations of interest.

It should be noted as well that in the example above control channel robustness has to be sacrificed in order to harvest gains from maximum TBS with reduced DM-RS, as it is not possible to benefit from spatial diversity in control channels due to the restriction of 1CRS port. 
3. Evaluation of DMRS overhead reduction
In order to assess the potential for overhead reduction, let us consider the five reduced DMRS pattern examples shown in Figure 1, with DMRS overhead 8, 6, 4 and 2 REs/PRB. It is noted that all five patterns are a subset of the legacy DMRS patterns.  
[image: image1.png]Slot 1

Slot 0

Slot 1

ol T T T T R A

0

Slot

SRR AR

moEoE

emE

e

SeceeEeece

e e e

SSEEEE AR
|

SRS EE





Figure 1: Reduced DMRS patterns.
Based on the analysis on section 2, it is expected that for a system configuration with 2 symbol PDCCH+1 CRS port (X=30), DL DMRS overhead reduction can provide gain due to highest MCS level in case the DM-RS overhead Y is equal or smaller than 6 REs/PRB pair for an allocation of 6 PRB pairs. In this section we show link level simulation results that provide an upper bound on the gains achievable from DM-RS overhead reduction. Simulation parameters are listed on the Appendix. 
Throughputs results of 5 patterns as well as normal DMRS at X=30 for 6 PRB allocation are plotted in Figure 2.
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Figure 2: Results for 6 PRB allocation (no EVM).
Following observations can be obtained from Figure 2:
a) Pattern 2~5, having Y<=6 REs/PRB pair all can achieve notable gains over normal DMRS in high SNR domain, i.e. SNR>27dB, but Pattern 5 under-performs normal DMRS in most tested SNRs except SNR>30dB.
b) Pattern 1 (having an overhead of 8 REs/PRB pair) could not provide notable gains over normal DMRS on all tested SNRs 

The above observations match with our analysis in section 2 on the gain mechanisms of applying higher TBS that:

· For X=30, only reduced DMRS with overhead no more than 6 REs/PRB can provide notable gains over normal DMRS

· For X=30, the dominant gain mechanism is from the TBS gap between MCS 27 and MCS 28 resulting in about 10% gain in the highest SINR region 
Observation 2: The main visible gain through reduced DM-RS density is provided by enabling the utilization of the maximum TBS/MCS28, applicable for certain system configurations in a rather high SINR regime (SINR>27dB).
4. Practical considerations and connection to 256 QAM
The evaluation results of section 3 provide an upper bound for the performance under reduced DM-RS, as practical limitations due to CSI feedback delay, interference estimation accuracy (due to AWGN interference assumption) are not considered in the simulations. Moreover, impairments from practical transmitters and receivers are not included as well. Since the evaluation results in Figure 2 indicate that DMRS overhead reduction gain is significant only in very high SNR regions, i.e, SNR>27dB, it is expected that such impairments would play a significant role. In [2] it is found that 64 QAM performance in such SNR region are affected by BS RF EVM noise. Hence, we evaluated the eNB TX EVM impacts to the DMRS overhead reduction gains as well and present the results for information in Annex 2 in Figure 3 to Figure 5.     
Comparing these results to the case of ideal transmitter characteristics in the previous section, the gains of enabling the highest MCS are considerably reduced with modeled eNB TX EVM.
Observation 3: eNB TX impairment (i.e. EVM) strongly affects the potential gains of reduced density DM-RS for small cell deployments. 
The observed EVM impacts to DL DMRS overhead reduction and the impacts to 256 QAM [2] are in this respect rather similar. It is also observed that the operation/gain area for DL DMRS overhead reduction and for 256 QAM are similar, both in high SINR region. Therefore, it seems reasonable to align the evaluation assumptions and discussion between these two topics. Moreover, it should be studies if the combination of DL DMRS overhead reduction and 256 QAM can enhance the throughput gain further over each single technique, or if the degradation on channel estimation quality introduced by reduced DM-RS would prevent the application of 256QAM in DL.
Observation 4: Practical transmitter and receiver impairments affecting 256QAM performance should be considered in study of DM-RS overhead reduction as well, as the reasonable operating range is similar for both candidate features. Moreover, studies are needed on the feasibility of the combined use of DL 256QAM and reduced overhead DM-RS. 
5. Conclusions

In this contribution we give the gain mechanism analysis and evaluation results of DL DMRS overhead reduction leading to the following observations:
· Observation 1: Gain from achieving maximum TBS/MCS28 through reduced DM-RS overhead is heavily dependent on the reference configuration, and hence cannot be guaranteed for all system configurations of interest.
· Observation 2: The main visible gain through reduced DM-RS density is provided by enabling the utilization of the maximum TBS/MCS28, applicable for certain system configurations in a rather high SINR regime (SINR>27dB).
· Observation 3: eNB TX impairment (i.e. EVM) strongly affects the potential gains of reduced density DM-RS for small cell deployments. 
· Observation 4: Practical transmitter and receiver impairments affecting 256QAM performance should be considered in study of DM-RS overhead reduction as well, as the reasonable operating range is similar for both candidate features. Moreover, studies are needed on the feasibility of the combined use of DL 256QAM and reduced overhead DM-RS. 
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Annex 1: 
Link level simulation assumptions

	Carrier frequency
	2 GHz

	Channel model and Doppler frequency
	EPA5Hz

	Transmission mode
	9

	Transmission bandwidth
	10MHz

	Resource allocation
	6PRB Pair

	DM-RS
	Antenna port 7,8

	Rank adaptation
	On

	PMI adaptation
	Based on UE measurement and feedback

	Link adaptation
	On

	HARQ 
	On

	UE receiver
	MMSE

	Channel estimation
	Practical, MMSE

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	Cyclic prefix
	Normal

	EVM
	0%, 2%(34dB), 4%(28dB), 6%(25dB)

	Overhead assumption
	X=30: 2 PDCCH symbols; 1 port CRS;


Annex 2: Evaluation results with EVM 
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Figure 3: Results for 6 PRB allocation with 2% EVM
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Figure 4: Results for 6 PRB allocation with 4% EVM
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Figure 5: Results for 6 PRB allocation with 6% EVM

