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1. Introduction

In last RAN #76, a new SI on LTE DL 8Rx antenna ports was approved in [1]. According to the WID, RRM related work is to identify the scope and objectives of RRM core and performance requirement for 8Rx. In this contribution, we provide our view on the potential RRM impact of 8Rx.
2. Discussion
Firstly, here we’d like to summarize the RRM requirements which are dependent on the number of UE receive antenna ports. And then we provide corresponding analysis on the impact from the number of antennas.

· cell search delay
Cell search delay is one of the critical RRM requirements in both idle and connected mode to guarantee the UE mobility. The delay is the total time allowed for the UE to acquire the complete timing information of target cell. This delay might be affected by the number of antennas used. In LTE there are multiple types of UE with different number of receive antenna ports, e.g. machine type of UE with 1Rx, normal UE with 2Rx, and in Rel-13 UE with 4Rx was introduced. However, for cell search delay RAN4 only had evaluation on 2Rx UE and 1Rx UE (category 0). The evaluation results showed that the improvement of PSS/SSS detection for 2Rx UE compared to 1Rx is not so significant. So they have the same requirement for PSS/SSS detection, i.e. 600ms. But RAN4 didn’t have any evaluation on cell search for 4Rx. Now 8Rx UE is to be introduced. It is unclear that whether there is significant gain in cell search for 8Rx compared to 2Rx. Here we propose:
Proposal 1: RAN4 is to study whether it is necessary to develop cell search requirement for 8Rx UE.

· Measurement
Measurement related RRM requirements contain measurement period, accuracy, reporting delay and etc. Basically, these requirements are coupled with each other. Theoretically, increasing the number of receive antenna ports can acquire diversity gain. One example is that when category 0 (UE with 1Rx) was introduced, simulation campaign occurred and the results showed that the measurement accuracy degraded by about 1dB due to less receive antenna ports. Even after RF margin tightening, 2Rx UE also performs better in measurement accuracy compared to 1Rx UE. For instance, UE category 1bis was introduced in release 14, the absolute RSRP measurement accuracy of which is 5.5 dB, also 1dB relaxed on top of 2Rx UE. 

However, during discussion of 4Rx work item in Rel-13 it was mentioned that UE should be allowed to opportunistically fallback to 2Rx. That means 4Rx is not mandatory and it is quite challenging to define clear UE fallback mechanism. Therefore, 4Rx measurement requirements were not specified eventually. 
When we come to 8Rx, it is unclear that how much gain there would be compared to 2Rx. Whether it is significant enough to define specific requirements for 8Rx. Here we propose:

Proposal 2: RAN4 is to study whether it is necessary to define specific measurement requirements for 8Rx UE.

· RLM
In LTE, 2Rx is assumed as baseline receiver. Corresponding RLM core requirements as well as test cases were introduced since release 8. These requirements were revisited in the work item LTE DL 4 Rx antenna ports in release 13. The outcome related to RLM of the WID was that two different types of UE were categorized, type 1 and type 2, respectively. The definitions of these two types of UE are informatively duplicated here:

Type 1: 4RX capable UEs that support at least one 2RX band

Type 2: 4RX capable UEs which do not support any 2RX band

For type 1 UE, legacy 2Rx RRM test cases shall be tested on any band where 2Rx is supported with certain antenna connection specified in TS36.133 section A.8.3.1.2.3

For type 2 UE, since there is no supported 2Rx band for them, RLM shall be tested with all the 4Rx connected. Furthermore, in these new tests the SNR level of out-of-sync were lowered 3.5dB compared to legacy 2Rx tests. That means 4Rx can achieve 3.5dB downlink coverage enhancement compared to 2Rx. During the discussion of 4Rx work item some companies mentioned that in real practise there are some scenarios that the coverage is limited by downlink performance. In this case increasing number of receive antenna ports can alleviate this problem. Even in normal coverage scenario, more receivers can also provide more robust downlink performance. 
As we all know that type 1 UE doesn’t to execute the 4Rx RLM test. Two main reasons. One is that even working on a band where 4Rx is supported, UE with 4Rx should be allowed to fallback to 2Rx for power saving. And UE fallback mechanism is quite implementation issue. It is quite challenging to standardize related UE behaviour. Another point is that UL coverage will not change as increasing the number of receive antenna ports. In practise DL coverage usually is not the bottleneck of network coverage. Therefore, mandate 4Rx on PDCCH demodulation will lead to artificial imbalance between DL and UL coverage, which will result in poor mobility performance and slow recovery from RLF as well. When we come to 8Rx, we will face the same problem. The UL coverage will not change. And UE should also be allowed to fallback to 4Rx or even 2Rx opportunistically. 

Proposal 3: RAN4 is to study the scope of RLM requirements for 8Rx
3. Conclusions
In this contribution we initially discuss the potential RRM impact from 8Rx. After discussion the following proposals are made:
Proposal 1: RAN4 is to study whether it is necessary to develop cell search requirement for 8Rx UE.
Proposal 2: RAN4 is to study whether it is necessary to define specific measurement requirements for 8Rx UE.
Proposal 3: RAN4 is to study the scope of RLM requirements for 8Rx
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