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1. Introduction
In Rel-13, RAN4 performance requirement for CRS-IM was specified under the assumption that eNB provides CRS assistance signaling to the UE. Contents of Rel-13 CRS assistance signaling is same as Rel-11 CRS assistance signaling but extended to SCells to facilitate CRS-IM operation to CA. Furthermore, UE capability signaling was introduced as below to inform network of UE’s CRS-IM capability in CA configuration. 
crs-InterfMitigationTM1toTM9

Indicates whether the UE supports CRS interference mitigation (IM) while operating in the following transmission modes (TM): TM 1, TM 2, …, TM 8 and TM 9. The UE shall not include the field if it does not support CRS IM in TMs 1-9. If the field is present, the UE supports CRS-IM on at least one arbitrary downlink CC for up to crs-InterfMitigationTM1toTM9-r13 downlink CC CA configuration. The UE signals crs-InterfMitigationTM1toTM9-r13 value to indicate the maximum crs-InterfMitigationTM1toTM9-r13 downlink CC CA configuration where UE may apply CRS IM. For example, the UE sets “crs-InterfMitigationTM1toTM9-r13 = 3” to indicate that the UE supports CRS-IM on at least one DL CC for supported non-CA, 2DL CA and 3DL CA configurations. The UE supporting the crs-InterfMitigationTM1toTM9-r13 capability shall also support the crs-InterfHandl-r11 capability.
In RAN4 #82, RAN4 had initial discussion on UE capability and CRS assistance signaling for Rel-14 CRS-IM and agreed on the WF [1]. In this contribution, we provide our view on UE capability signaling for Rel-14 CRS-IM and related CRS assistance signaling. 
2. Discussion

2.1. Blind detection of neighbor cell CRS information

For CRS-IM, UE needs to have following information for neighbor cells. 
· Physical cell ID (PCID)

· Number of CRS ports

· MBSFM subframe configuration

We can assume that UE can obtain PCID through neighbor cell search, which is usually performed for mobility purpose and can be considered as first step to sort out candidate cells for CRS-IM operation. Information on the number of CRS ports for neighbor cell is essential to determine CRS ports to be cancelled. Also, UE needs to know MBSFM subframe configuration since, in MBSFM subframe, CRS is present only on first OFDM symbol. If CRS-IM is performed based on wrong assumption on number of CRS ports or MBSFN subframe configuration, demodulation performance would be degraded. UE can obtain these information either from CRS assistance signaling from eNB or via blind detection from neighbor cell signal. 
When UE has CRS-IM implementation, it is natural to assume that UE will rely on blind detection to maximize utilization of CRS-IM capability in legacy network that cannot provide CRS assistance signaling. Blind detection of number of CRS ports requires either PBCH demodulation or energy detection of CRS ports. Blind detection of MBSFN subframe configuration requires either SIB2 reading or CRS symbol energy detection in potential MBSFN subframe. Though it might sound simple, there are a few aspects that we need to consider. 
· UE usually maintains multiple candidate cells for CRS-IM and tracks power of those cells to select target cell for CRS-IM. For blind detection of neighbor cell CRS information, UE can perform blind detection for all candidate cells or for target cell that was selected for CRS-IM. If blind detection is performed for all candidate cells, it will require huge processing overhead. On the other hand, if blind detection is performed for only selected target cell, there will be non-negligible delay between target cell selection and start of CRS-IM operation due to blind detection of CRS assistance information. In medium to high mobility scenario, it might happen that target cell changes while performing blind detection of neighbor cell CRS information. 
· Since there is no guarantee that network does not change CRS configuration, i.e., number of CRS ports and MBSFN configuration, UE needs to keep refreshing neighbor cell CRS information. This requires continuous blind detection operation even after UE obtained neighbor cell information. 
· Blind detection of CRS assistance information imposes additional processing burden on CRS-IM operation, which could penalize power-performance trade-off of CRS-IM feature. For example, let’s assume power-performance trade off in UE design justified CRS-IM operation up to INR=6dB and SIR=-9dB when CRS assistance signaling is provided. Additional processing burden for blind detection might not justify CRS-IM operation at the same condition since expected gain from CRS-IM at that signal condition is now outweighed by increased power consumption. 
From these analyses, we can conclude that blind detection of neighbor cell CRS information requires substantial processing burden and also leads to sub-optimal CRS-IM performance. When network can provide CRS assistance information, it is always beneficial to provide that to reduce UE processing burden and maximize potential CRS-IM gain. In order to encourage eNB to provide CRS assistance signaling, RAN4 should specify CRS-IM performance requirement with CRS assistance signaling. 
Observation 1. Blind detection of neighbor cell CRS information requires substantial processing burden and also leads to sub-optimal CRS-IM performance. 

Proposal 1. RAN4 should specify CRS-IM performance requirement with CRS assistance signaling. 

2.2. Optimization of CRS assistance signaling

Main concern for CRS assistance signaling for CRS-IM is RRC signaling overhead. This issue was intensely discussed in RAN4 Rel-13 CRS-IM WI. Infra vendors argued that
· Signaling overhead could be large since CRS assistance signaling is required for SCells as well as PCell in CA configuration. 
· For each serving cell, signaling overhead could be large since there could be large number of neighbor cells. 
· In CA configurations, CRS assistance signaling could not be fully utilized since UE can perform CRS-IM on only subset of serving cells. For example, when UE is configured with 3 CC CA configuration, it may perform CRS-IM on only one CC. 
In order to address the last aspect, RAN4 agreed on UE capability crs-InterfMitigationTM1toTM9-r13 to indicate that UE supports CRS-IM on at least one arbitrary downlink CC for up to crs-InterfMitigationTM1toTM9-r13 downlink CC CA configuration. This capability signaling allows eNB to avoid CRS assistance signaling when CA is configured with CCs that is greater than UE’s CRS-IM capability. Even with this capability signaling, CRS assistance signaling could be a burden to the network depending on CA configuration and network deployment. 
In RAN4 #82, we proposed signaling optimization for uniform network deployment. When network has same number of CRS-ports and MBSFN subframe configuration among serving cell and neighbor cells, it would be sufficient to indicate that instead of detailed CRS assistance information for each neighbor cell. Signaling for uniform CRS configuration would require 1 bit flag for number of CRS ports and 1 bit flag for MBSFN subframe configuration for each serving cell. 
Proposal 2. Introduce simplified CRS assistance signaling for uniform CRS configuration. 

· PCID of neighbor cell is detected by UE’s neighbor cell search.

· When serving cell and neighbor cells have same CRS configuration, eNB provides 1 bit flag for number of CRS ports and 1 bit flag for MBSFN subframe configuration indicating same CRS configuration.

· When serving cell and neighbor cells have different CRS configuration, 

· Behavior 1: eNB provides 1 bit flag for number of CRS ports and 1 bit flag for MBSFN subframe configuration indicating different CRS configuration. UE should rely on blind CRS information detection for CRS-IM operation. 

· Behavior 2: eNB falls back to Rel-13 CRS assistance signaling. 
2.3. Simplification of UE capability signaling

In Rel-13, RAN4 introduced following capability signaling that triggers eNB to provide CRS assistance signaling. 
· crs-InterfMitigationTM1toTM9
· crs-InterfMitigationTM10-r13
· cch-InterfMitigation-RefRecTypeA-r13
· cch-InterfMitigation-RefRecTypeB-r13
· cch-InterfMitigation-MaxNumCCs-r13
eNB can use UE capability signaling as a trigger for CRS assistance signaling or as a side information for scheduler optimization. Though capability signaling can be utilized by eNB scheduler to differentiate UE with and without CRS-IM or CCIM (control channel interference mitigation) capability, we believe that it is challenging, if not impossible, to implement such scheduler optimization since eNB cannot know on which CC UE will apply CRS-IM or CCH-IM. Therefore, it may be desirable to introduce unified UE capability signaling as a trigger for CRS assistance signaling. 
Another aspect to consider is indicating number of CCs in CA that UE can support CRS-IM or CCIM. If RAN4 keeps same signaling methodology, we have to specify separate capability signaling for different CRS-IM scenarios in terms of number of CRS ports and number of UE’s Rx antenna. Since CRS-IM or CCIM processing is scaled with number of CRS ports and number of Rx antenna, it is obvious that number of CC in CA that can support CRS-IM or CCIM would be different for 2 Rx UE mitigating CRS from 2 CRS ports and 4 Rx UE mitigating CRS from 4 CRS ports. Rather than introducing separate capability signaling for different CRS-IM or CCIM scenario, it might be desirable to introduce simpler per-UE capability signaling. On the other hand, eNB can rely on simplified CRS assistance signaling proposed in section 2.2 in most of network deployment. 
Proposal 3. Introduce per-UE capability signaling for all CRS-IM and CCIM operation as a trigger for CRS assistance signaling. 

2.4. Analysis on Intel’s proposal for CRS blind detection

In RAN4 #82, Intel proposed a new UE capability for CRS assistance information blind detection of PCID and number of CRS APs. The proposal is
· UE performs blind detection for PCID and number of CRS ports. 

· UE indicates capability for blind detection for PCID and number of CRS ports to eNB. 
· eNB behavior 

· When MBSFN subframe configuration is same among serving cell and neighbor cells, 
· Option 1: eNB provides no signaling.
· Option 2: eNB provides indication that MBSFN subframe configuration is same. 
· When MBSFN subframe configuration is different among serving cell and neighbor cells, eNB provides assistance signaling for MBSFN subframe.
First we need to understand what would be the appropriate eNB behavior when MBSFN subframe configuration is same among serving cell and neighbor cells. In our view, eNB still needs to provide indication that MBSFN subframe configuration is same between serving cell and neighbor cells. Otherwise, UE cannot know whether serving cell is legacy cell that cannot understand Rel-14 signaling or Rel-14 cell that indicates same MBSFM subframe configuration. 
If eNB has to provide the indication for same MBSFN subframe configuration, we believe Intel’s proposal is very close to our proposal in section 2.2. The difference is 
· UE is required to do blind detection for only PCID in our proposal while UE is required to do blind detection for PCID and number of CRS ports in Intel’s proposal
· When CRS configuration is same among serving cell and neighbor cells, our proposal requires 1 bit signaling for number of CRS ports and 1 bit signaling for MBSFN SF configuration while Intel’s proposal requires 1 bit signaling for MBSFN SF configuration. There is only 1 bit difference in signaling overhead per serving cell. 
· Our proposals falls back to Rel-13 assistance signaling when CRS configuration is different between serving cell and interference cell while Intel’s proposal falls back to new assistance signaling with only MBSFM SF configuration. Since signaling of MBSFN SF configuration still requires indication of PCID, there is only 2 bit difference to indicate number of CRS ports in signaling overhead per serving cell. 
Proposal 4. Qualcomm’s proposal is similar to Intel’s proposal in overall procedure but does not require UE’s blind detection for number of CRS ports at the expense of marginal increase in signaling overhead. 
3. Conclusions

In this contribution, we provided our view on UE capability signaling for Rel-14 CRS-IM and corresponding CRS assistance signaling. Our proposals are
Observation 1. Blind detection of neighbor cell CRS information requires substantial processing burden and also leads to sub-optimal CRS-IM performance. 

Proposal 1. RAN4 should specify CRS-IM performance requirement with CRS assistance signaling. 

Proposal 2. Introduce simplified CRS assistance signaling for uniform CRS configuration. 

· PCID of neighbor cell is detected by UE’s neighbor cell search.

· When serving cell and neighbor cells have same CRS configuration, eNB provides 1 bit flag for number of CRS ports and 1 bit flag for MBSFN subframe configuration indicating same CRS configuration.

· When serving cell and neighbor cells have different CRS configuration, 

· Behavior 1: eNB provides 1 bit flag for number of CRS ports and 1 bit flag for MBSFN subframe configuration indicating different CRS configuration. UE should rely on blind CRS information detection for CRS-IM operation. 

· Behavior 2: eNB falls back to Rel-13 CRS assistance signaling. 
Proposal 3. Introduce per-UE capability signaling for all CRS-IM and CCIM operation as a trigger for CRS assistance signaling. 

Proposal 4. Qualcomm’s proposal is similar to Intel’s proposal in overall procedure but does not require UE’s blind detection for number of CRS ports at the expense of marginal increase in signaling overhead. 
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