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1. Introduction
The new WI of network-based CRS mitigation will be started from this RAN4 meeting, in the WID (RP-171408) the scope of this WI
	The detailed objectives are  

1. Identify cases, where the network can mitigate CRS, including (but not limited to):

· In IDLE mode the network transmits CRS only on the inner six PRBs with the exception of the following scenarios when the network transmits CRS on full bandwidth: 

· Paging occasions

· SIB transmissions

· RACH procedure

· In CONNECTED mode (in addition to the IDLE mode cases) the network transmits CRS only on the inner six PRBs with the exception of the following scenarios when the network transmits CRS on full bandwidth:

· Without DRX configured or when DRX is inactive

· HARQ retransmissions in DL

· PHICH transmissions

· Scheduling request via PRACH or PUCCH

· PRACH due to handover

· MPDCCH monitoring windows

· CRS being used for positioning

· For CA if any PCell, PSCell or activated SCell is in any of the above conditions

2. 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.

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

Note: RAN4 will inform other working group(s) if impact to that working group(s) is identified. 

Timeline: The core part of the WI consists of the following two phases:
· Phase I: June 2017-December 2017: In phase I only objectives #1 and #2 shall be addressed. WI objectives can be updated subjected to the outcome of phase I.  
· Phase II: Starts after the completion of phase I.  Objective # 3 shall be addressed in phase II


In this contribution we analyse the RRM impact by introducing this new feature of CRS muting. 
2. Discussion
2.1. Use cases and scenarios
In the objective description in the WID, there are couple of exception conditions in IDLE and Connected mode for eNB from using inner 6PRBs, like
· In IDLE mode the network transmits CRS only on the inner six PRBs with the exception of the following scenarios when the network transmits CRS on full bandwidth: 

· Paging occasions

· SIB transmissions

· RACH procedure

· In CONNECTED mode (in addition to the IDLE mode cases) the network transmits CRS only on the inner six PRBs with the exception of the following scenarios when the network transmits CRS on full bandwidth:

· Without DRX configured or when DRX is inactive

· HARQ retransmissions in DL

· PHICH transmissions

· Scheduling request via PRACH or PUCCH

· PRACH due to handover

· MPDCCH monitoring windows

· CRS being used for positioning
However, CRS muting is a per-cell behavior, i.e. cell transmit inner 6PRB CRS to all the UEs, and all the exception conditions in the above WID are almost pre-UE, e.g. UE is doing positioning or not, UE is performing RACH or not, UE is requesting scheduling or not and so on. So that means in a target cell some UEs are in IDLE mode, and others are in Connected mode, and in those UEs some may be waiting paging, some may be waiting HARQ retransmission, some may be doing positioning, some may be requesting scheduling and so on; in this sense there is a huge possibility that eNB always has to keep the CRS transmitting in the full BW based on the per-UE exception conditions.

The CRS muting may only happen in some cells which have very less UEs and no any load(e.g. small cell with no load (maybe in midnight)). Because as long as one of the UE has data/voice traffic, HARQ/PHICH will be used and then eNB has to use full BW. So this CRS muting function might be triggered in a very low possibility if the above exception conditions are all considered. So we propose that more justifications on scenarios and use cases are needed for CRS muting feature.
Proposal 1: more justifications on scenarios and use cases are needed for CRS muting feature
2.2. Backward compatibility

For R15 UE, if this feature is deployed eventually, then either UE-self detection or network indication may need to be specified to make sure UE can be aware that CRS muting is used. However, for previous release UE, it may cause backward compatibility problem since there is no any indication of CRS muting when eNB is transmitting CRS on inner 6PRBs. One possible option might be to use “AllowedMeasBandwidth” to indicate CRS muting is used or not, but the current definition of this IE is used to indicate the maximum allowed measurement bandwidth on a carrier frequency as defined by the parameter Transmission Bandwidth Configuration "NRB" TS 36.104. So we may need further study on how to use it for CRS muting indication, or we may need to further study other signalling or UE detection method to address this issue.
Proposal 2: it’s FFS how to make UE aware of whether the CRS muting is used or not, for both R15 and previous release UE.
2.3. Possible impact on RRM

2.3.1. Cell measurement

The minimum measurement requirements are mostly based on 6PRBs for both IDLE and Connected mode. However in the Connected mode, we have some optional inter-frequency requirement for 10MHz, e.g. in section 8.1.2.3.1.1 of TS36.133. But if CRS muting is used in target cell, then such kinds of requirements may be not applicable any longer. 
2.3.2. Time and frequency tracking

It’s similar as measurement requirement, and may not be significantly impacted by using 6PRB CRS since the minimum measurement BW is 6PRBs. But that also preclude UE to perform better or faster time/frequency tracking if CRS is only transmitted on inner 6PRBs. 
2.3.3. RLM
If CRS muting is used, then the CRS BW may be different from PDCCH BW, and that may impact the RLM function if the PDCCH BLER evaluation is based on the CRS SINR estimation for certain UE implementation. 
2.3.4.  AGC estimation
For some implementation, AGC might be derived from the serving cell CRS received power, if the CRS is transmitted on inner 6PRBs but cell is working on full BW (larger than 6PRBs), the AGC estimation from CRS might be inaccurate for DL reception/measurement.
2.3.5. Power consumption

For IDLE UE, if UE can measure on full BW of cell, it will speed up the measurement behavior and shorten the wake-up time for UE, which is much beneficial to UE battery. Even the minimum measurement BW is 6PRB, and the measurement delay requirement is also based on this 6PRB, the power consumption benefit from wider BW measurement will be sacrificed during CRS muting. 
However, before we go into the details of RRM impacts we may need firstly clarify the use case which is most important in this stage, and in our understanding it looks the use case for this CRS muting feature is quite limited.

3. Conclusions

In this contribution we analyse the RRM impact by introducing this new feature of CRS muting. 

Proposal 1: more justifications on scenarios and use cases are needed for CRS muting feature
Proposal 2: it’s FFS how to make UE aware of whether the CRS muting is used or not, for both R15 and previous release UE.
8
1

