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1. Introduction

In RAN #73 meeting the “LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements” WI was approved [1]. The work item has the following objectives on the CRS-IM enhancements:
	· Investigate feasibility and specify requirements for the CRS-IM receivers for the generic scenarios with different number of CRS APs (2, 4) and different number of UE receive antennas for synchronous networks.

· Stage 1: Investigate performance benefits and feasibility of using CRS-IM receivers.

· Stage 2: Specify UE demodulation and CSI reporting performance requirements to verify practical CRS-IM operation for the identified scenarios based on the outcome of Stage 1.


In RAN4 #80bis, #81 and #82 meetings multiple agreements on the Enhanced CRS-IM were reached. One of the open questions is related to the CRS-IM network assistance information signalling overhead reduction which is further addressed in this paper. 
2. Discussion
2.1 Previous agreements

The following agreements on the CRS-IM network assistance framework were reached in the previous meeting [2]:

	· Background 
· To mitigate the interference for the CRS from the neighbouring cell UE needs information on the following neighbouring cell parameters:

· Physical Cell ID: this information is required to derive CRS sequence and CRS RE mapping
· Number of CRS APs: together with Cell ID this information allows to derive CRS RE mapping
· MBSFN subframe configuration: this information allows UE to adjust behaviour for the MBSFN subframes, where CRS may be present in the control region only.
· For Rel-13 CRS-IM eNB is expected to provide UE CRS Assistance information using RRC signalling (CRS-AssistanceInfo-r13  IE)

· CRS assistance RRC signalling may result in non-marginal overhead in case of dense multi-carrier deployments.
· The CRS Assistance parameters can be similar for multiple different cells in one network
· MBSFN subframe configurations may not be commonly used in all networks
· UEs may be capable of blind detection of neighboring cell PCID and number of CRS APs. Detection of neighboring cell MBSFN subframe configuration may impose higher complexity and may be unreliable under certain scenarios.
· Way Forward
· Investigate possible solutions to reduce the CRS assistance signalling overhead for CRS-IM
· Candidate solutions
· Solution #1: 
· Introduce optional UE capability of CRS assistance information blind detection of PCID and Number of CRS APs. 
· No MBSFN subframe configuration blind detection is used
· Companies are encouraged to provide analysis on reliability of blind detection of Number of CRS APs
· eNBs provide CRS Assistance to the blind detection capable UEs only when 
· Option A: neighboring cell use MBSFN subframes 
· Option B: neighboring cells MBSFN configuration is different from the serving cell
· Solution #2:
· eNBs provide reduced size CRS assistance information for the cells using same configuration as the serving cell
· Other solutions are not precluded
· If no further solution is to be agreed the eNBs provide the same CRS-assistant info as legacy Rel-13 CRS-IM.


2.2 Network assistance solutions
Two solutions to reduce the CRS assistance signalling overhead for CRS-IM were identified in the previous meeting:

· Solution #1:
· Exploit the fact that MBSFN is rarely used and UE can easily detect other parameters.
· UE performs blind detection of # of CRS APs. eNBs provide CRS assistance only if NCs use MBSFN subframe configuration.
· Solution #2:
· Exploit the fact the that NCs may have aligned CRS configurations
· eNBs provide reduced size CRS assistance information for the cells using same configurations
In the table below we summarize the pros/cons of the solutions:

Table 1. Solutions #1 & #2 comparison

	
	Solution #1
	Solution #2

	CRS Assistance signalling overhead
	Depends on scenario. No overhead for NW without MBSFN. Allows more overhead reduction than Solution #2
	Depends on scenario. Still requires minimum size signalling. Minimum overhead for the unified networks. Allows less overhead reduction than Solution #2.

	Core specification impacts
	Minimal (requires clarifications on typical conditions to send NW assistance)
	Requires introduction of new RRC signalling (i.e. some simplified signalling in case the configurations are same)

	UE implementation impacts
	Support of CRS APs blind detection (feasible from implementation perspective)
	No impacts

	Demodulation performance impact
	No impact in case of reliable parameters detection
	No impacts


Observation #1: Solution #1 may potentially achieve larger CRS assistance signalling overhead reduction comparing to Solution #2 at the cost of additional UE implementation complexity.

We also want to note that Solution #1 would ensure that UE can operate in the legacy networks that may not support CRS Assistance signalling. In such networks, UE can perform detection of the number of CRS APs and at least apply CRS-IM for subframe 0,1,5,6. Meantime, operation of UEs not capable of blind detection cannot be guaranteed.
Observation #2: UEs with support of CRS APs blind detection may operate in the legacy networks.

As mentioned above, Solution #2 may require introduction of new reduced size CRS Assistance signalling. Taking into account, that the RAN2 core spec is already closed, it may be more difficult to introduce such method in the Rel-14 timeframe.

Observation #3: Solution #2 requires new CRS Assistance signalling which may not be introduced in Rel-14.
Meantime, we also want to emphasize that the two solutions in fact do not contradict to each other. Below, in Table 2 we describe the expected UE / eNB behaviour depending on the scenarios in terms of the Serving cell (SC) and Neighbouring cell (NC) parameters and UE capabilities to perform the blind detection. It may be noted that in general both blind detection capable and non-capable UEs can easily co-exist in the same networks.
Table 2. UE and eNB behaviour for Solutions #1/#2

	Scenario
	Blind detection capable UE 
(Solution #1)
	Non blind detection capable UE 
(Solution #2)

	Scenario #1: NC has same CRS configuration as SC
	· eNB does not provide CRS assistance signalling for the NC

· UE detects number of CRS-APs and assumes that MBSFN configuration is same as for the SC (or not present)
	· eNB provides simplified CRS Assistance signalling to inform UE that NC has same configuration as the SC

· UE receives the signalling and assumes that configurations are the same

	Scenario#2: NC has different CRS configuration comparing to SC – different number of CRS APs
	· eNB does not provide CRS assistance signalling for the NC

· UE detects number of CRS-APs and assumes that MBSFN configuration is same as for the SC (or not present)
	· eNB provides full CRS Assistance signalling to inform UE that NC has different configuration

	Scenario#3: NC has different CRS configuration comparing to SC – different MBSFN configurations
	· eNB provides full or partial CRS Assistance signalling to inform UE that NC has different MBSFN configuration comparing to the SC or that it has any MBSFN configuration

· UE may be required to detect number of CRS-APs depending on signalling content
	· eNB provides full CRS Assistance signalling to inform UE that NC has different configuration


Observation #4: Solutions #1 and #2 do not contradict each other and can both co-exist in the same networks.

In summary, we think that in general both solutions are possible and may co-exist with each other. The Solution #1 potentially allows more overhead reduction and the respective work can be prioritized.

Proposal #1:
Introduce CRS Assistance signalling reduction based on Solution #1
2.3 Blind detection of the number of CRS APs

In the previous meeting several concerns on the reliability of blind detection of the number of CRS APs in the neighbouring cell were raised. In this section we address the question.

Two approaches can be considered for the purpose of detection of the number of CRS APs:
· Option 1: CRS ports presence detection (e.g. via measurement of signals on the candidate REs)

· Option 2: Neighbouring cell PBCH detection
Observation #5: Number of neighbouring cell CRS APs can be detected using neighbouring cell PBCH decoding or direct CRS presence detection.

In this paper we focus on the second approach based on neighbouring cell PBCH detection. The PBCH transmissions are used to carry information on the number of CRS APs using 2 methods:

1) PBCH transmission schemes depends on the number CRS APs (single antenna for 1 CRS AP and SFBC for 2/4 CRS APs) and UE shall derive the exact amount during the RX processing. In particular, the UE should perform RX processing under Single AP and SFBC processing assumptions.

2) MIB CRC is masked with a sequence derived based on the number of CRS APs [TS 36.212] and during the decoding UE needs to test different hypothesis during the CRC check procedure
Table 5.3.1.1-1: CRC mask for PBCH

	Number of transmit antenna ports at eNodeB
	PBCH CRC mask
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	1
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	2
	<1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1>

	4
	<0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1>


In LTE two types of PBCH demodulation requirements are introduced:

1) Base PBCH decoding: The performance requirements are introduced for the serving cell PBCH decoding under noise limited scenarios. In accordance to the requirements UE should be capable to perform PBCH decoding for the SNR up to -4 or -5 dB. The requirements are defined for the serving cell PBCH but in general are applicable for the neighbouring cell PBCH decoding.
2) PBCH-IC: Enhanced PBCH-IC receiver performance requirements were introduced in the scope of the FeICIC WI and ensured proper UE operation for the HetNet scenarios with larger CRE bias. In accordance to the requirements it is expected that UE is capable to perform PBCH reception for SINR or up to -10dB.

Observation #6: 
· Baseline PBCH receiver allows PBCH decoding for SINR of up to -5dB in noise limited scenarios.
· PBCH-IC receiver allows PBCH decoding for SINR of up to -10dB in interference limited scenarios.

In Table 2 we provide the typical SNR and INR conditions used to define the CRS-IM performance requirements in the homogeneous networks in accordance to the TR 36.863 (Homogeneous CRS-IM). In Figure 1 we illustrate the corresponding effective SINR levels for the serving and interference cells. For the latter case to calculate the effective SINR it is assumed that neighbouring cell signals becomes a useful one and the serving cell signals is treated as interferer. It may be observed, that the effective SINR of the 1st dominant interferer is > -4dB for all considered scenarios and hence the PBCH of the dominant interferer can be reliably decoded using a conventional PBCH receiver. The effective SINR of the 2nd dominant interferer is in the range of -8dB and can be potentially processed using PBCH-IC receiver (we also want to note that 2nd cell processing is not mandated since the requirements are based on the single cell CRS-IM).
Table 3. CRS-IM interference profile (50% RU)
	Set
	Ior1/Noc 
(Serv. cell)
	Ior2/Noc
(1st interf. cell)
	Ior3/Noc
(2nd interf. cell)

	1
	1.9
	0.2
	-1.6

	2
	3.2
	2.8
	-0.3

	3
	3.9
	4.0
	0.4

	4
	4.5
	4.9
	1.2

	5
	4.9
	5.7
	1.2

	6
	5.4
	6.3
	1.9

	7
	5.8
	6.9
	1.8

	8
	6.0
	7.3
	1.7

	9
	6.4
	7.9
	1.3

	10
	6.7
	8.4
	1.7

	11
	7.4
	8.9
	3.2

	12
	7.8
	9.4
	4.0

	13
	8.3
	10.0
	4.2

	14
	8.8
	10.6
	4.5

	15
	9.8
	11.4
	5.9

	16
	10.9
	12.5
	8.0

	17
	12.4
	13.9
	9.7

	18
	14.4
	15.9
	11.6

	19
	18.5
	19.7
	17.2

	20
	27.8
	28.8
	27.4
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Figure 1. Effective SINR for the Serving cell (SINR 1) and 2 dominant interferers (SINR2 and SINR3)

Observation #7: Regular NC PBCH decoding can be used for the purpose of blind detection of number of CRS APs for the first dominant interferer. PBCH-IC decoding can be used for the purpose of blind detection of number of CRS APs for the second dominant interferer. 

Given the observations above we do not see strong technical concerns to perform detection of the number of CRS APs for the dominant interferers and confirm feasibility of using neighbouring cell PBCH decoding for the purpose of CRS APs blind detection.
Proposal #2:
Confirm reliability of using neighbouring cell PBCH decoding for the purpose of CRS APs blind detection
3. Conclusions

In this contribution, we’ve provided views on the Enhanced CRS-IM network assistance framework. In summary, we make the following observations and proposals:

Network assistance
Observation #1: Solution #1 may potentially achieve larger CRS assistance signalling overhead reduction comparing to Solution #2 at the cost of additional UE implementation complexity.

Observation #2: UEs with support of CRS APs blind detection may operate in the legacy networks.

Observation #3: Solution #2 requires new CRS Assistance signalling which may not be introduced in Rel-14.

Observation #4: Solutions #1 and #2 do not contradict each other and can both co-exist in the same networks.

Proposal #1:
Introduce CRS Assistance signalling reduction based on Solution #1
Blind detection of the number of CRS APs

Observation #5: Number of neighbouring cell CRS APs can be detected using neighbouring cell PBCH decoding or direct CRS presence detection.

Observation #6: Baseline PBCH receiver allows PBCH decoding for SINR of up to -5dB in noise limited scenarios. PBCH-IC receiver allows PBCH decoding for SINR of up to -10dB in interference limited scenarios.

Observation #7: Regular NC PBCH decoding can be used for the purpose of blind detection of number of CRS APs for the first dominant interferer. PBCH-IC decoding can be used for the purpose of blind detection of number of CRS APs for the second dominant interferer. 

Proposal #2:
Confirm reliability of using neighbouring cell PBCH decoding for the purpose of CRS APs blind detection
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