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1 Introduction

During Rel-15 RAN4 made extensive studies of the network-based CRS-IM feature on UE performance and the following conclusions were made [1]:

	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


As the result of this analysis, the support of network-based CRS interference mitigation from the UE perspective was agreed to be an optional UE capability in Rel-15. The feature is applicable only to the Rel-15+ UEs and can be deployed on the dedicated carriers which are not accessible by the legacy UEs or Rel-15 UEs without support of the respective feature. In addition, to facilitate UE operation dedicated RRC signaling (crs-IntfMitigEnabled) was agreed to be introduced to inform UE whether network-based CRS interference mitigation is enabled or not in the serving cell(s), including PSCell and SCells, and one or more neighbour cells.

In the previous meetings the following agreements on the UE demodulation performance requirements were made
	RAN4 #86 [2]

· 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
RAN4 #88 [3]

· Define performance requirements for the UE supporting nw-BasedCRS-InterferenceMitigation-r15.

· At least define test case for TM3. FFS for TM9

· CRS muting pattern in the interference cells

· Option 1: Pre-defined CRS muting on/off pattern

· Option 2: CRS muting is always applied

· Other options are not precluded

· Companies are encouraged to provide detail setup and simulation assumption in the next meeting, including the reference receiver assumptions


In this contribution we provide our further views on the UE demodulation requirements scope.
2 Discussion
2.1 Test parameters
In our view the network CRS-IM test cases shall be based on the existing test cases defined for the UE-based CRS-IM with a number of modifications. Below, we suggest the general scenarios for initial consideration:
· Transmission mode: TM4
· The TM3 was discussed in the previous meeting and can also be considered for performance requirements definition, however, in our view it will be more straightforward to follow the framework adopted for the existing CRS-IM requirements.

· The existing CRS-IM test cases are defined for TM4 and TM9. For network CRS-IM we suggest to focus on the CRS-based TMs which are more typically deployed.

· Number of CRS APs: 2 CRS APs in the serving and interference cell(s)
· Number of RX chains: 2RX UE
· Interference profile

· For CRS-IM features 2 interference cells were considered. For the network CRS-IM in our the main purpose is to ensure that UE does not degrade the performance comparing to the LMMSE-IRC receiver and, hence, single interferer scenarios can be sufficient.

· Option 1: 1 Cell with INR1 = 10.45 dB 

· Other options are not precluded
· Interference signals characteristics
· CRS muting is applied in case there are no active UEs in the neighbouring cells. So, no PDSCH or PDCCH transmission shall be configured in the neighbouring cells.

· Neighbour cell CRS are muted in all PRBs except for the centre 6 PRBs
· One of the key parameters for the network-based CRS interference mitigation is the CRS muting pattern. In accordance to the prior RAN4 analysis it is expected that the CRS muting will be applied in a semi-static manner or won’t change frequently. Therefore, it is not reasonable to introduce the requirements for the conditions corresponding to frequent/dynamic changes in the CRS transmission bandwidth. So, it is suggested to define the performance requirements under assumptions of using CRS muting in all subframes for neighbouring cells.
· PDSCH parameters

· 6 PRB PDSCH resource allocation is suggested. The PDSCH transmission shall not overlap with inner 6 PRBs where neighbouring cell CRS are transmitted to avoid the neighbouring cell CRS interference
· FRC is FFS
· Option 1: QPSK CR 1/3 + MIMO Rank 1

· Option 2: 16QAM CR 1/2 + MIMO Rank 1

· Option 3: 64QAM CR 2/3 + MIMO Rank 1

· Channel model: [EVA5]
· Time/Frequency offsets: 
· Basic CRS-IM test parameters can be reused with 3us time offset and 300Hz frequency offset for the dominant interferer Cell 1.
Proposal #1:
Define requirements for the performance requirements for the following scenario:

· TM4

· 2 CRS APs in the serving and interference cell(s)

· 2RX UE 

· Neighbor cell CRS muting is done in all PRBs except for the center 6 PRBs

· Neighbor cell CRS muting is applied in all subframes

· No PDSCH or PDCCH transmissions in the neighboring cell

2.2 Reference receiver

The following UE behaviors could be considered in case UE receives information on the neighboring cell CRS muting: 

1) UE switches off CRS-IC receiver towards the particular neighboring cell in case CRS muting is announced by the network and applies LMMSE-IRC processing to avoid possible PDSCH performance degradation in subframes with muted CRS.
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 not require enhanced UE receive processing for scenarios with CRS muting and define the minimum performance requirements under behavior #1 assumptions (i.e. UE disables CRS-IC receiver and applies LMMSE-IRC processing when eNB informs on the CRS muting in the neighboring cells). 

Proposal #2:
Define Rel-15 UEs performance requirements in case of using CRS muting under assumption of LMMSE-IRC receiver
3 Conclusion

In this contribution we provided our views on the UE demodulation requirements for Rel-15 NW CRS-IM WI and made the following proposals:
Proposal #1:
Define requirements for the performance requirements for the following scenario:

· TM4

· 2 CRS APs in the serving and interference cell(s)

· 2RX UE 

· Neighbor cell CRS muting is done in all PRBs except for the center 6 PRBs

· Neighbor cell CRS muting is applied in all subframes

· No PDSCH or PDCCH transmissions in the neighboring cell
Proposal #2:
Define Rel-15 UEs performance requirements in case of using CRS muting under assumption of LMMSE-IRC receiver
References
[1] R4-1714495 “Way forward for CRS-IM related advanced receiver impact analysis for network-based CRS-IM”, Ericsson, RAN4 #85, November 2017
[2] R4-1803172
 “WF on UE demodulation for network based CRS interference mitigation”, Ericsson, RAN4 #86, February 2018
[3] R4-1811864 “WF for demodulation performance requirements for network-based CRS interference mitigation”  Ericsson, RAN4 #88, August 2018

PAGE  
1/3

