Page 1

3GPP TSG-RAN WG4 Meeting #84

R4-1707388
Berlin, Germany, 21 - 25 August 2017
Agenda item:
8.29.2
Source:
Intel Corporation
Title:
Network-based CRS mitigation impact on UE demodulation
Document for:
Discussion
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, 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

· 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 this contribution we discuss on the network-based CRS mitigation impact on the legacy UE receivers performing CRS interference mitigation.
2. Discussion
In accordance to the WI objectives it is important to ensure that the impact to the legacy UEs due to network-based CRS mitigation is avoided. In particular RAN4 needs to “Identify impact, if any, to … legacy … UE receivers performing CRS based interference mitigation … e.g. CRS-IM receiver, NAICS receiver and Type A and B DL control channel IM receivers.”
Many legacy advance receivers including CRS-IM, NAICS and CCIM Type A/B receivers are used for inter-cell interference mitigation and rely on processing neighboring cell CRS signals (e.g. interferer channel estimation, interference signal cancellation/mitigation). In case network based CRS mitigation is used, the neighboring cell may switch off the CRS transmissions in all PRBs except center 6 PRBs. The legacy UEs may not be aware on such network behavior and would perform receive processing under assumption that NC CRS signals are still present which may cause certain non-optimal UE behavior.
Observation #1: Legacy UEs may be unaware on neighboring cell CRS muting and perform receive processing under assumption that neighboring cell CRS signals are still present which may cause non-optimal performance. Impact on CRS-IM, NAICS and CCIM Type A/B receivers may potentially be expected.
In this contribution we further focus on the possible impact on CRS-IM performance, while NAICS and CCIM impact need further analysis during the WI study stage and may require additional inputs on the target use cases and CRS muting assumptions from the network perspective.

Overall, two possible issues with CRS-IM receiver implementation may happen in case network based CRS mitigation is applied in the neighbouring cell (NC).

Scenario #1: UE applies CRS-IM in the PRBs where NC CRS is not transmitted

In this case the impact on performance may depend on the particular CRS-IM algorithm implementation which is not standardized. Overall, CRS-IM algorithm may depend on multiple estimates of the serving and interference signal parameters which may potentially be impacted by CRS muting. For example, some of the UE estimates can be done per-PRB, some can be done in wideband. In case the CRS muting is applied UE behaviour may become suboptimal. Below, we illustrate the simulation results to illustrate the possible impact on CRS-IM algorithm performance in case CRS muting is used in the neighbouring cell:

· Test cases

· Test #1: TM4, 2 CRS APs, 2RX UE

· Test #2: TM4, 4 CRS APs, 2RX UE

· INR1 = 10.45 dB, INR2 = 4.6 dB

· 0% neighbour cell PDSCH loading

· 6 PRB PDSCH resource allocation (no overlap with inner 6 PRBs)

· FRC: 
· FRC #1: Rank 1+ 64QAM CR 1/2
· FRC #2: Rank 2+ 64QAM CR 1/2
· Neighbour cell CRS presence

· Option 1: NC CRS are switched on (legacy scenario)

· Option 2: NC CRS are switched off (network based CRS mitigation)

· Receivers
· CRS-IM Receiver #1: Aware on CRS muting 
· CRS-IM Receiver #2: Not aware on CRS muting (worst case degradation for CRS-IM receiver is considered)
	Test #1, FRC #1
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	Test #2, FRC #1
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	Test #1, FRC #2
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	Test #2, FRC #2
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	Figure 1. Scenario #1 simulation results


Also, we note that one of the key drawbacks of this scenario is that UE starts wasting computational resources for unnecessary CRS-IM operation. This results in the increased UE power consumption, which does not lead to the increase of throughput performance and overall reduces the efficiency of modem operation.

Observation #2: If neighboring cell applies CRS muting, depending on implementation legacy UE CRS-IM receiver may apply CRS-IM for PRBs without CRS interference which may lead to certain performance degradation. The performance may degrade comparing to the case when CRS are transmitted. UE will also waste computational resources for unnecessary CRS-IM which would cause additional power consumption which is not justified by improved throughput.
Scenario #2: UE does not apply CRS-IM in the PRBs where NC CRS is transmitted

Such situations may happen when UE makes a decision to apply CRS-IM based on the wideband RSRP measurements. At current stage, such implementation is not precluded and the mechanism to make decision on the CRS-IM is up to UE implementation. In this case we assume that UE may fallback to the LMMSE-IRC operation and performance would degrade for the PDSCH signals transmitted in the center 6 PRBs which may be undesirable. Depending on the particular resource allocation used for the UE the impact on the performance may vary. Further, we illustrate the respective simulation results for the following assumptions:
· TM4, 2CRS APs, 2RX UE

· INR1 = 10.45 dB, INR2 = 4.6 dB

· 0% neighbour cell PDSCH loading

· Resource allocation: 
· 5MHz, 6 PRB (inner 6 PRBs)

· 5MHz, Wideband

· FRC: 64QAM, CR ½
· Neighbour cell CRS presence: NC CRS are switched off (network based CRS mitigation).
· Receivers

· LMMSE-IRC (CRS-IM receiver fallbacks to LMMSE-IRC)

· CRS-IM Receiver (UE applies CRS-IM in center 6 PRBs)

	5MHz, 6 PRB
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	5MHz, Wideband
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	Figure 3. Scenario #2 simulation results


Observation #3: If neighboring cell applies CRS muting in outer PRBs and UE makes a decision to apply CRS-IM based on the wideband RSRP measurements, UE may fallback to LMMSE-IRC operation and UE demodulation performance may degrade, especially in the center 6 PRBs.
3. Conclusions

In this contribution we discuss on the network-based CRS mitigation impact on the legacy UE receivers performing CRS interference mitigation including CRS-IM, NAICS and CCIM Type A/B. We make the following observations:
Observation #1: Legacy UEs may be unaware on neighboring cell CRS muting and perform receive processing under assumption that neighboring cell CRS signals are still present which may cause non-optimal performance. Impact on CRS-IM, NAICS and CCIM Type A/B receivers may potentially be expected.
Observation #2: If neighboring cell applies CRS muting, depending on implementation legacy UE CRS-IM receiver may apply CRS-IM for PRBs without CRS interference which may lead to certain performance degradation. The performance may degrade comparing to the case when CRS are transmitted. UE will also waste computational resources for unnecessary CRS-IM which would cause additional power consumption which is not justified by improved throughput.
Observation #3: If neighboring cell applies CRS muting in outer PRBs and UE makes a decision to apply CRS-IM based on the wideband RSRP measurements, UE may fallback to LMMSE-IRC operation and UE demodulation performance may degrade, especially in the center 6 PRBs.
Based on the analysis in the paper we think that depending on UE implementation some negative impact on UE performance may happen. Hence, introduction of CRS muting may lead to certain impact to the legacy UE performance. Meantime, exact impact may need more detailed analysis. Also, additional analysis on NAICS and CCIM receiver is needed.
Proposal #1:
Confirm that Network-based CRS mitigation solution has negative impact on legacy UE performance.
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