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1 Introduction

In RAN #67 meeting, a new WID [1] named as “New Work Item: LTE DL 4 Rx antenna ports” was approved, and in RAN4 74bis meeting, RAN4 started to discuss this scope and content of this Work Item. An issue of high layer supporting for CRS-based transmission were raised, while no consensus was reached during online discussion. In this contribution, we would provide analysis on this issue and show our preference.
2 Background
Based on previous RAN1 discussion and analysis in [1][2][3], it’s common understanding that for TM3 and TM4, 4 layer operation can only be supported by UE category 5/8/14, while these three UE category are seldom used in practical and can’t be taken as a reasonable hardware. 

From the MIMO scheme of view, the 3/4 layer transmission for TM3 and TM4 is already supported in Rel-8, while actually it’s would be hard to deploy 4 layer transmission in CRS-based transmission due to the specification limitation on the practical UE category.
As CRS-based high layer transmission is also attractive due to some advantages compared with DMRS-based one, so in last RAN4 meeting, a WF [4] supported by a group of operators and vendors proposed that:
· During the 4Rx discussions RAN4 observed that introducing support of Rank 3 and 4 in TM4 is not possible due to incomplete support in RAN1 and RAN2 specifications.
· RAN4 to send an LS to RAN1 (cc RAN2) as follows:
· Background:
During the RAN4 performance requirements discussion on 4 Rx AP at UE [LTE_4Rx_AP_DL], it has been observed that the RAN1 and RAN2 specifications do not include support of rank 3 and 4 in TM4 by a wide category of UEs (e.g. UE CAT 6 and 7).
· Action:
RAN4 kindly ask RAN1 and RAN2 to discuss introduction of support for Rank 3 and 4 for TM4 including at least UE categories 6 and 7. 

But, unfortunately, this LS was not agreed because of the objection from only one company, which hold the concerns on the feasibility of Cat 6/7, benefit and working scope of this WI.
In this contribution, we would like to discuss the benefit and feasibility of supporting TM3/4 high layer transmission for UE category 6/7.
3 Discussion
As we know, the Rel-8 UE is supported to capture rank3/4 for CRS-based transmission, but only because of the specification reason, the TM3/4 rank3/4 is seldom supported in realistic UE implementation.  Although RAN4 would focus on introducing the performance requirements for the purpose of conformance tests rather than modifying on the specification, it’s still RAN4’s responsibility to inform other group about what’s doing in RAN4 now, and what’s RAN4’s preference and recommendation from the UE performance point of view and the test coverage point of view.
In the following section, we would like to provide an analysis on the feasibility of extending the applicable category supporting TM3/4 rank3/4 transmission.
Technical compare between TM3/4 and TM9 rank3/4 transmission
Based on the typical assumptions in Table 1, we provide a summary of the difference between TM3/4 and TM9 for rank3/4 transmission.
Table 1 Typical assumption to compare the difference between TM3/4 and TM9 
	Parameters
	TM3/4
	TM9

	 Bandwidth 
	10MHz

	Antenna configuration
	4x4

	PDCCH symbol
	2

	CP
	Normal CP

	PDSCH transmission mode 
	 TM3/TM4
	TM9

	CRS-port
	0,1,2,3
	0,1

	CSI-RS port
	-
	15,16,17,18

	DMRS-port
	-
	7,8,9,10


Table 2 the different between TM3/4 and TM9 for rank3/4 transmission
	Parameters
	TM3/4
	TM9
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	Channel estimation for modulation
	based on CRS port 0,1,2,3
could perform inter-subframe/inter-PRB channel estimation
	Based on DMRS port 7,8,9,10
only perform intra-subframe/intra-PRB-bundling channel estimation

	Demodulation performance
	better demodulation perform due to better channel estimation and less RS overhead
	worse demodulation perform due to worse channel estimation and much overhead

	Channel estimation for CSI
	based on CRS port 0,1,2,3

could perform inter-subframe channel estimation
more RS for channel estimation, 8/4 RE for CRS port 0,1,2,3
	Based on CRS-RS 15,16,17,18

only perform intra-cell subframe

 less RS for channel estimation, 2 RE for each CSI-RS port

	CSI performance
	accurate CSI measurement due to better channel estimation, especially for low SNR region
	worse CSI measurement due to bad channel estimation

	Applicable scenarios
	due to open loop MIMO (TM3), inter-subframe channel estimation, high-speed scenarios could be supported
	due to close-loop MIMO only (TM8/9) and intra-subframe channel estimation, can not support high speed scenarios.


Based on the summary in table 2, it could be observed that 
· From the overhead point of view, the TM3/4 transmission could achieve about 20% gain than TM9 transmission.
· From the demodulation point of view, the TM3/4 could achieve better performance than TM9, because of
· Better channel estimation due to inter-subframe and inter-PRB channel estimation

· Less overhead
· From the CSI measurement point of view, the TM3/4 could achieve more accurate CSI than TM9, because of 
· Better channel estimation due to inter-subframe channel estimation and more dense reference signal
· From the applicable scenarios point of view, the TM3/4 could support high speed scenarios, because of
· Open loop MIMO (TM3)
· Inter-subframe channel estimation
So, in summary, for rank 3/4 transmission, the TM3/4 is a better choice rather than TM9 for high layer transmission.

Observation 1: With respect to rank3/4 PDSCH transmission, the TM3/4 is a better choice than TM9, because of less overhead, better demodulation performance, accurate CSI feedback and supporting high speed scenarios.
Deployment scenarios 

At the first-stage of commercial LTE network, 2TX BS antenna is widely deployed. Currently, with the further network updating, more and more operators would consider promoting the network performance by deploying more BS antenna, such 4RX. In this situation, from the MIMO scheme point of view, there are two options on how to use 4RX:

· Option 1: 4-CRS-ports CRS-based transmission
· Option 2: 2-CRS-port CRS-based transmission + 4 port DMRS-based transmission

Considering two options, taking 2RX and FDD for example, it could be expected that the practical transmission modes for UE would be 4x2 TM2/3/4 for option 1, and 2x2 TM2/3/4+4x2 TM9 for option 2. Generally, the 4x2 TM2/3/4 would obviously outperform the 2x2 TM2/3/4 because of more TX antenna and transmission diversity gain, and meanwhile the 4x2 TM4 could performance as good as 4x2 TM9 because of the similar reasons in Table 2. So, from the network deployment point of view, Option 1 would be better for 4TX network.
While, with respect to option 1, there is not technical problem to prevent operator to deploy 4 CRS port network, but the only problem is that the LTE specification doesn’t support CRS-based rank3/4 transmission very well, which will make option 1 less attractive. In another words, the LTE specification incorrectly introduces some block to make option 1 less attractive for operators, or implicitly mandate the operator to adopt option 2.
In our opinion, since there are sufficient advantages for TM3/4 to support rank3/4 transmission compared with TM9, RAN group should take the responsibility to remove any specification’s block to make the all the candidate options available, and then leave the decision to operator to choice which option is better for real deployment.

So, based on the above analysis, it’s reasonable to extend the more support of UE category for TM3/4 rank3/4 transmission

Observation 2: With respect to realistic deployment scenarios, it’s better to solve the issues of TM3/4 for rank3/4 transmission in specification and leave it to operator to choose the network deployment.
In the followed section, we will capture link level evaluation to justify the performance benefits of TM3/4 transmission over TM9 transmission. 
4 Evaluation
In this section, we would like to provide link level simulation to compare the performance of TM3/4 over TM9 with 4TX BS antenna.

· TM3/4 with 4 CRS-port

· TM9 with 2 CRS-port, 4 CSI-RS port and 1~4 DMRS port
The simulation assumptions are provided in Table 3, and results shown in Figure 1.
Table 3 Simulation results for TM3/4 and TM9 
	Parameters
	Values

	 Bandwidth 
	10Hz, FDD

	Antenna configuration
	4x4 low

	Propagation channel
	EPA5, EVA70, ETU140

	PDCCH symbol
	1

	CRS-port
	TM3/4: 4
TM9: 2

	DMRS port
	1~4 (port 7~10)

	CSI-RS port
	4

	CSI-RS configuration
	4/5

	scheduled PRB
	12 (index 6:17)

	MCS
	AMC

	PMI configuration
	subband PMI, 5ms periodic

	Receiver
	MMSE

	Rank
	rank adaptation
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Figure 1 throughput performance with different propagation channel and Doppler spread

Table 4 Performance gain of TM3/4 over TM9 
	Propagation channel
	SNR values
	Throughput gain over TM9

	
	
	TM3
	TM4
	TM9

	ETU 140
	5 dB
	38.6%
	28.9%
	0.0%

	
	10 dB
	42.8%
	32.8%
	0.0%

	
	15 dB
	27.9%
	19.9%
	0.0%

	
	20 dB
	26.7%
	21.1%
	0.0%

	EVA70
	5 dB
	24.7%
	16.6%
	0.0%

	
	10 dB
	25.6%
	16.0%
	0.0%

	
	15 dB
	19.0%
	10.8%
	0.0%

	
	20 dB
	22.1%
	16.2%
	0.0%

	EPA5
	5 dB
	-8.2%
	3.7%
	0.0%

	
	10 dB
	-2.5%
	5.3%
	0.0%

	
	15 dB
	-3.6%
	7.3%
	0.0%

	
	20 dB
	-0.2%
	9.2%
	0.0%


Based on the above results, Compared with TM3/4 and TM9, it could be observed that:
· With EPA5 propagation channel, the TM4 could achieve better performance then TM9 because of less RS overhead and better channel estimation.
· With EVA70 and ETU140 propagation channel, both TM3 and TM4 could get significant performance gain over TM9, and especially the TM3 would perform best because of open loop MIMO scheme.
So, it could be concluded that
Observation 3: From the throughput performance point of view, the TM3/4 with 4 CRS-port could achieve better performance than TM9 with 2 CRS-port for eNB 4TX network.
5 Summary
Based on the above analysis and evaluation, as we already identify the benefit to extend the UE category which could support TJM3/4 rank3/4 transmission, and as it’s not RAN4’s responsibility to modify the RAN1/2’s specification, we propose sending a LS to RAN1/2 to show RAN4’s suggestion.

Proposal 1: RAN4 sends LS to RAN1/2 to ask for introducing the support for TM3/4 rank3/4 transmission at least for UE categories 6 and 7.
6 Conclusion
In this contribution, we discuss and evaluate the feasibility and benefit of 3-4 layer support for TM3/4 transmission. Based on our analysis, we propose that:

Observation 1: With respect to rank3/4 PDSCH transmission, the TM3/4 is a better choice than TM9, because of less overhead, better demodulation performance, accurate CSI feedback and supportting high speed scenarios.

Observation 2: With respect to realistic deployment scenarios, it’s better to solve the issues of TM3/4 for rank3/4 transmission in specification and leave it to operator to choose the network deployment.

Observation 3: From the throughput performance point of view, the TM3/4 with 4 CRS-port could achieve better performance than TM9 with 2 CRS-port for eNB 4TX network.

 Proposal 1: RAN4 sends LS to RAN1/2 to ask for introducing the support for rank3/4 transmission at least for UE categories 6 and 7.

7 References
[1] R4-151972, “General scope of 4Rx feature on UE performance aspect”, Ericsson, 3GPP TSG RAN WG4 Meeting #74bis
[2] R4-151978, “UE capability signaling for rank-4 transmission”, NVIDIA, 3GPP TSG RAN WG4 Meeting #74bis
[3] R4-152152, “LTE DL 4 RX Antenna Ports UE PDSCH Performance Tests”, Intel, 3GPP TSG RAN WG4 Meeting #74bis
[4] R4-152523, “WF on rank 3 and 4 operation for TM4”, Nokia Networks, Orange, Alcatel-Lucent, T-Mobile USA, Huawei, HiSilicon, Telecom Italia, Deutche Telecom, AT&T, Verizon , 3GPP TSG RAN WG4 Meeting #74bis
[5] RP-150427, “New Work Item: LTE DL 4 Rx antenna ports”, Ericsson, 3GPP TSG RAN meeting#67

[6] R4-152524, “LS on Rank 3 and 4 operation in TM4 4Rx AP”, Nokia Networks, 3GPP TSG RAN WG4 Meeting #74bis
