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1. Introduction

In RAN #76, the LTE Rel-15 WI on UE requirements for network-based CRS mitigation was approved [1]. The WI has the following objectives:

	· Identify cases, where the network can mitigate CRS…
· Identify impact, if any, to the following legacy UE procedures when network-based CRS mitigation is used in the network, and potential solutions to mitigate or avoid impact on these legacy UE procedures: 

· UE receivers performing CRS based interference mitigation in CONNECTED mode e.g. 

· CRS interference mitigation (CRS-IM) receiver, NAICS receiver and Type A and B DL control channel IM receivers.

· UE RRM procedures in IDLE and CONNECTED modes defined in TS 36.133.

· For cases identified in the objective #1, specify the corresponding RRM core requirements, and, if necessary, specify the identified potential solutions in objective #2.


In the previous RAN4 meetings the performance impacts from Network-based CRS-IM on the UE advanced receivers performance and RRM were discussed. The following conclusions on the advanced receivers impacts were made [2]:

	RAN4 observations

· For legacy UEs with CRS-IM, RAN4 has the following observations:

· Legacy UEs with CRS-IM receivers are unaware on neighboring cell CRS muting and perform CRS-IM receive processing under assumption that neighboring cell CRS signals are present

· CRS-IC with muted BW CRS in aggressor cell has performance impact compared with CRS-IC with full BW CRS in aggressor cell

· The impact is implementation dependent and scenario dependent.

· Some companies observed 1~2 dB degradation at least for some scenarios

· Some companies observed negligible performance degradation 

· It is beneficial for UE to get network assistance on the CRS muting in the neighboring cells for advanced receivers

· Impact to CCIM Type A/B receivers

· Neighboring cell CRS muting has limited impact on the CCIM receivers performance under practical conditions. 

· Impact on NAICS

· For legacy NAIC UE, some degradation may be expected

RAN4 conclusions 

· As a conclusion of the analysis of Objective #1 and Objective #2 of the WID (RP-171408), RAN4 sees beneficial for UE to be aware of whether neighboring cells use CRS muting or not

· Solutions on how to handle impact to legacy and Rel-15 UEs are FFS


In addition, the following conclusions were made in [3]:

	· …
· In RAN4#86, RAN4 will further discuss solutions for making Rel-15 UE to be aware of whether network-based CRS interference mitigation is used by serving and neighbor cells in the area

· …


In RAN4 #86 no progress on the signalling design was made. Meantime, initial agreements on the UE Demodulation requirements were made [4]:

	· Do not define any new performance requirements for legacy UEs in case of using CRS muting in 36.101

· FFS whether to define new performance requirements Rel-15 UEs in case of using CRS muting


In this contribution we provide views on the remaining open issues related to the NW-based CRS-IM impact on the UE advanced receivers.

2. Discussion

In accordance to the last meeting agreements there are two main open issues of NW-based CRS-IM impact on the UE advanced receivers performance:

· Network assistance for Rel-15 UEs on the neighboring cells CRS muting

· Rel-15 UE behavior in case CRS muting is used in the neighboring cells
2.1 Network assistance

To enable Network-based CRS mitigation in Rel-15, the issues with CRS-IC receivers performance shall be resolved and Rel-15+ UEs need to be informed whether neighboring cells are using CRS muting or not. Once UE obtains this information it may adjust the RX algorithms to minimize the impact from CRS muting in the neighboring cells on the performance and to avoid excessive power consumption. 
Dynamic signalling provides the best flexibility from the UE implementation perspective, however, it requires good backhaul connection between the cells and coordinated scheduling among the cells, which may not be applicable to all networks. Therefore, semi-static signalling is preferred. In particular, the network assistance on the CRS muting could be included into the CRS assistance IE which is already provided for CRS-IC capable UEs. 
It is expected that CRS muting could be activated for a subset of cells and carriers. For example, Macro cells may have multiple associated UEs and, hence, the probability of using CRS muting could be quite low and may be unjustified. Meantime, small cells with a few associated UEs could benefit from power savings and apply CRS muting. Therefore, it is recommended to inform UE on the use of CRS muting for all neighboring cells and carriers (PCell/SCell) for which eNB provides CRS assistance.

In accordance to the parallel discussion on the CRS muting conditions, there may be quite many triggers to switch CRS muting on/off. So, it is questionable whether network can provide information on the exact CRS muting pattern in the future and guarantee that it would be strictly maintained. Therefore, the signalling is expected to include information on the “possibility” of using CRS muting in the neighboring cell and for each particular subframe UE may not have information whether CRS muting is applied or not. 

Proposal #1:
Introduce RRC signalling to inform Rel-15+ UEs that neighboring cells use CRS muting
· Provide information with per cell / per carrier granularity
· Add new information element to the legacy CRS Assistance IE (NeighCellsCRS-Info)
2.2 UE performance requirements
Once the signalling is introduce RAN4 will need to define the UE performance requirements to ensure UE performance in case of CRS muting in the neighboring cells.

The performance requirements may reuse the basic test setup defined for the UE CRS-IM performance requirements and defined under assumptions of using CRS muting in all subframes for neighboring cells.

Proposal #2:
For Rel-15 UEs performance requirements reuse the basic test setup defined for the UE CRS-IM performance requirements. Requirements define for the case of CRS muting in all subframes for neighboring cells.
In case UE receives information on the neighboring cell CRS muting the following UE receiver behaviors could be considered. 
1) UE switches off CRS-IC receiver towards the particular neighboring cell in case CRS muting is announced by the network

2) UE performs blind detection of CRS muting on a per-subframe basis and adjusts CRS-IC algorithm accordingly (e.g. switch off in case CRS is not detected and keeps on in case CRS signals are detected).

The 2nd behavior 
 may provide certain performance benefits, but comes at the cost of additional UE implementation complexity and power consumption. Hence, it is recommended to define the minimum performance requirements under behavior #1 assumptions (i.e. UE disables CRS-IC receiver when eNB informs on the CRS muting in the neighboring cells). 

Proposal #3:
Define Rel-15 UEs performance requirements in case of using CRS muting under assumption of LMMSE-IRC without CRS-IC
3. Conclusions

In this contribution, we shared our further views on the Network-based CRS mitigation impact on advanced receivers. In summary, we make the following proposals:
Proposal #1:
Introduce RRC signalling to inform Rel-15+ UEs that neighboring cells use CRS muting
· Provide information with per cell / per carrier granularity
· Add new information element to the legacy CRS Assistance IE (NeighCellsCRS-Info)
Proposal #2:
For Rel-15 UEs performance requirements reuse the basic test setup defined for the UE CRS-IM performance requirements. Requirements define for the case of CRS muting in all subframes for neighboring cells.
Proposal #3:
Define Rel-15 UEs performance requirements in case of using CRS muting under assumption of LMMSE-IRC without CRS-IC
References

[1] RP-171408 “New LTE WI on UE requirements for network-based CRS mitigation”, Ericsson, RAN #76, June 2017

[2] R4-1714495 “Way forward for CRS-IM related advanced receiver impact analysis for network-based CRS-IM”, Ericsson, RAN4 #85, November 2017
[3] R4-1714498 “Way Forward on RRM with Network-Based CRS Interference Mitigation”, Ericsson, RAN4 #85, November 2017
[4] R4-1803172 “WF on UE demodulation for network-based CRS mitigation”, Ericsson, RAN4 #86, February 2018
PAGE  
3/3

