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1. Introduction
Single receive RF chain is deemed as one of the major means to provide significant cost reduction for low cost MTC UEs. However, with 1-Rx compared to legacy 2-Rx receiver, spatial multiplexing could not be used and available transmission modes supported would be impacted. Coverage may also be negatively impacted. In this contribution, we discuss some considerations on precoding support, MU-MIMO support and coverage analysis method related to single receive RF chain for low-cost MTC LTE UEs.
2. Precoding & MU-MIMO support 

It has already been accepted that single receive RF chain is quite effective in cost reduction. One thing needs to be considered is which transmission modes can be supported by single receive RF chain UEs. Below are some discussion points related to 1-Rx UEs.

1. Rank 1 precoding is needed.

As suggested in [1][2], rank 1 precoding is useful for cell edge coverage and this feature is needed. Particularly, precoding using UE specific RS could be used to significantly increase cell coverage and throughput, especially for 4Tx and 8Tx base station. In order to fully exploit this gain, UE specific RS should be also supported. 

2. Not supporting Rank 2 transmission. 

Large delay CDD (TM3) which can only be used for rank 2 transmission could not be really supported. With the support of “Closed-loop spatial multiplexing using a single transmission layer” (TM6), “Closed-loop spatial multiplexing” (TM4) also becomes unnecessary for 1-Rx UEs. 

3. Support MU-MIMO or not?

The two options both have its reasons. On one hand, MU-MIMO is apt to the scenario that a large number of devices exist which well fits the scenario for MTC, and MU-MIMO could be theoretically supported by 1 Rx UE, taking the interference users simply as noise. On the other hand, UE with only 1 Rx does not have rank 2 receive ability, thus it could not separate and effectively suppress the interference caused by another co-scheduled user. In fact, RAN4 didn’t set up performance requirements for category 1 UE for TM9 MU-MIMO case in 36.101 due to the similar reason that category 1 UE does not have the ability to demodulate two-layer data.

Based on the discussion above, the following proposal is given:

Proposal 1: Transmission modes supported by single receive RF chain UEs should not be limited to TM1 and TM2. Rank 1 precoding should be supported and whether MU-MIMO should be supported is FFS.
3. Coverage Analysis
The two coverage requirements given by the SID [3] are:
1. Ensure that service coverage is not worse than GSM/GPRS,…
2. The same defined LTE cell coverage footprint as engineered for “normal LTE UEs” should apply for low-cost MTC UEs.
It has already been agreed in [4] that link budget is a reasonable method for coverage analysis and some common parameters need to be set. Initial analysis provided in [5] provides a good example how those analysis could be done. The evaluation could be divided to three basic steps: 1) Compare the coverage with GSM with the same service rate; 2) Evaluate the coverage bottleneck for 2-Rx UEs; 3) Evaluate the coverage bottleneck for 1-Rx UEs. Of course, the evaluation should be based on the agreed common parameters. 
Currently, it is still not very clear if DL transmission would become a bottleneck for 1 Rx chain or not. If it is so, then achieving the same cell coverage footprint with 2-Rx “normal LTE UEs” will be challenging and some physical layer optimization may be needed as suggested in [6]. However, whether it is worthwhile to do extensive physical layer spec revisions or other alternatives to fully satisfy coverage requirements of the low cost MTC UEs may merit further discussion.
Proposal 2: If the evaluation shows that DL is the coverage bottleneck in 1-Rx case, discussion is needed regarding whether further revision of physical layer is needed to optimize the coverage for low cost MTC UEs with single receive RF chain.
4. Conclusion
In this contribution, some considerations related to single receive RF chain for low-cost MTC LTE UEs are given and the following proposals are presented:
Proposal 1: Transmission modes supported by single receive RF chain UEs should not be limited to TM1 and TM2. Rank 1 precoding should be supported and whether MU-MIMO should be supported is FFS.
Proposal 2: If the evaluation shows that DL is the coverage bottleneck in 1-Rx case, discussion is needed regarding whether further revision of physical layer is needed to optimize the coverage for low cost MTC UEs with single receive RF chain.
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