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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 RAN4 #84 initial agreements on the advanced receivers impacts were reached in [2]:
	· CRS-IM PDSCH receivers: 
· Assume that eNB always provides UE CRS Assistance information disregards whether CRS muting is used in the neighboring cells
· Further evaluate performance for the cases when neighboring cell has 0% PDSCH loading and for cases w/wo CRS muting. 
· The simulation assumptions are captured in next page.
· Further investigate impact on Dl Control Channel IM Type A/B and NAICS receivers


In this contribution we share our further views 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. 
2. Legacy UE receiver impact
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 CRS-IM receive processing under assumption that neighboring cell CRS signals are still present which may cause non-optimal performance.
2.1 CRS-IM receiver impact
Overall, two possible issues with CRS-IM receiver implementation may happen in case network based CRS mitigation is applied in the neighbouring cell (NC).

2.1.1 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 and the quality of estimates may potentially be impacted by CRS muting. For example, some of the parameters estimates can be done per-PRB, some can be done in a wideband manner. In case the CRS muting is applied, UE CRS-IM behaviour may change and become suboptimal. Below, we show 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: 64QAM CR ½ + MIMO Rank 1
· FRC #2: 64QAM CR ½ + MIMO Rank 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

	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 #1: 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.
2.1.2 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 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 2. Scenario #2 simulation results


Observation #2: 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.
2.1.3 Solutions to avoid CRS-IM receiver impact

We would like to note that the main reason for possible performance degradation for both Scenario #1 and Scenario #2 is related to the possibility of incorrect estimates of the interference cell power when neighbouring cell applies CRS muting. In order to avoid possible impacts on the CRS-IM receivers and ensure consistent UE measurements of the interference parameters legacy UEs can be informed that the neighboring cell has 6 PRB measurements BW. In particular, legacy “allowedMeasBandwidth” RRC signalling can be used to inform legacy UE on the allowed measurement bandwidth. In case UE receives allowedMeasBandwidth = 1.4 MHz signalling, it is anticipated that the UE will not perform wideband measurements and CRS-IC receiver performance degradation can be avoided for both Scenario #1 and Scenario #2 UE implementations.
Proposal #1:
When CRS muting is used in the neighbouring cell, network shall signal to the legacy UEs information that neighbouring cell allowed measurement bandwidth is 1.4 MHz using existing allowedMeasBandwidth RRC signalling.
2.2 DL Control Channel IM receivers

In Rel-13 two DL Control Channel IM reference receiver structures were defined: CCIM Type A (LMMSE-IRC + CRS-IC) and CCIM Type B (E-LMMSE-IRC + CRS-IC). Both receivers rely on the network CRS assistance information. In the previous meeting it was discussed that to avoid possible impacts on the receiver performance it may be beneficial to disable such network assistance in case the network-based CRS mitigation is used. In our view, not all UEs may rely on the presence of CRS assistance and some UEs may still perform CRS-IC processing even when CRS assistance information is not provided. In addition, if UEs strictly rely on the presence of CRS assistance information they will disable CCIM receivers if the information is not available, which would result in possible performance degradation in subframes when CRS muting is not applied. To avoid such situations it is desirable to ensure that networks keeps on providing network assistance signalling under conditions when CRS muting may be used in any of the cells.
Proposal #2:
Assume that eNB always provides UE CRS Assistance information for CCIM capable UEs disregards whether CRS muting is used in the neighbouring cells.
So far, it is not clear if CRS muting will be applicable to the DL control region or will be done in the data region only. No impact (or minimal) impact on CCIM performance is expected in case CRS in the DL control region is maintained. In case the CRS muting is applied to both data and control regions, certain impact on both CCIM Type A/B may be expected and RAN4 is recommended to conduct additional analysis. The following scenarios are recommended for further analysis:
1) Physical channels: PDCCH/PCFICH
2) Interference model: 0% control channel loading in the neighbouring cell

3) Scenarios

a. Scenario #1: CCIM Type A receiver: Non-colliding CRS, 2 CRS APs, PDCCH AL 4, CFI = 3 (based on test case 8.4.1.2.6)

b. Scenario #2: CCIM Type B receiver: Colliding CRS, 2 CRS APs, PDCCH AL 2, CFI = 1 (based on test case 8.4.1.2.7)

4) Reuse Rel-13/14 CCIM requirements simulation assumptions

Proposal #3:
Further study the neighbouring cell CRS muting impact on CCIM Type A/B receivers performance.
2.3 NAICS receivers

Rel-12 NAICS performance requirements are defined under assumption that eNB provides network assistance on the neighbouring cell parameters. Similar to other receiver types, in the previous meeting it was discussed that in order to avoid possible impacts on receiver performance it may be beneficial to disable such network assistance in case the network-based CRS mitigation is used. In case the NAICS network assistance is not provided, most likely UE would simply disable NAICS receiver and fallback to LMMSE-IRC receiver. Meantime, network cannot guarantee that CRS muting will be used 100% of time and that neighbouring cells will not have any PDSCH transmissions. Assuming that NAICS network assistance cannot be simply enabled/disabled in dynamic way, the NAICS performance gains in such subframes cannot be extracted which would degrade overall system performance. Similar to CCIM and CRS-IM receivers, to avoid possible performance loss networks should not disable network assistance

Proposal #4:
Assume that eNB always provides NAICS network assistance information for NAICS capable UEs disregards whether CRS muting is used in the neighbouring cells.
In order to assess impact from CRS muting on NAICS receivers additional evaluations under common assumptions are needed. The following scenarios are suggested for further RAN4 analysis:
· 0% neighbouring cell PDSCH loading
· CRS presence

· Option A: CRS are present in full BW
· Option A: CRS are present in center 6 PRBs
· Partial resource allocation (10 PRBs, non-overlapping with center 6 PRBs)

· CRS-based TMs in the serving and aggressor cells
· Colliding CRS scenario

· Reuse test case 8.2.1.4.1D

Proposal #5:
Further study the neighbouring cell CRS muting impact on NAICS receivers performance.
3. Rel-15+ CRS-IC / CCIM / NAICS receivers

In case Network-based CRS mitigation is introduced in Rel-15, it may be beneficial to optimize the performance of CRS-IC receivers and inform UE if neighbouring cells are using CRS muting or not. In general, CRS muting can be dynamic and it may be difficult to convey dynamic signalling to UEs in the neighbouring cells. Hence, at least semi-static information on the possibility of using CRS muting can be considered. UEs can use the related information to adjust the CRS-IC algorithms accordingly. For example, UE can perform CRS-IM specifically in the centre 6 PRBs or can track the CRS pattern and enable/disable advanced receivers in the outer 6 PRBs based on detection of CRS presence. One of the main advantages of such information is that UE may save power consumption and not spend computational resources for CRS-IC in the REs, where neighbouring cell CRS is not transmitted.
Proposal #6:
Introduce signalling to inform Rel-15+ UEs that neighbouring cells use CRS muting. FFS if dynamic or semi-static signalling should be used.
4. Conclusions

In this contribution, we shared our further views 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. In summary, we make the following proposals:

Proposal #1:
When CRS muting is used in the neighbouring cell, network shall signal to the legacy UEs information that neighbouring cell allowed measurement bandwidth is 1.4 MHz using existing allowedMeasBandwidth RRC signalling.
Proposal #2:
Assume that eNB always provides UE CRS Assistance information for CCIM capable UEs disregards whether CRS muting is used in the neighbouring cells.
Proposal #3:
Further study the neighbouring cell CRS muting impact on CCIM Type A/B receivers performance.
Proposal #4:
Assume that eNB always provides NAICS network assistance information for NAICS capable UEs disregards whether CRS muting is used in the neighbouring cells.
Proposal #5:
Further study the neighbouring cell CRS muting impact on NAICS receivers performance.
Proposal #6:
Introduce signalling to inform Rel-15+ UEs that neighbouring cells use CRS muting. FFS if dynamic or semi-static signalling should be used.
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