Page 1

3GPP TSG-RAN WG4 Meeting #80bis

R4-167268
Ljubljana, Slovenia, 10 - 14 October 2016

Agenda item:
8.31.2.1
Source:
Intel Corporation
Title:
Discussion on the Enhanced CRS-IM Scenarios
Document for:
Discussion
1. Introduction

In RAN #73 meeting the WI on the LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements was approved [1]. The work item has two main objectives:
	· 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.
· Investigate feasibility and specify requirements for the enhanced SU-MIMO inter-stream interference mitigation (SU-MIMO IM) receivers for the scenarios with 4 receive antennas UEs.


In accordance to the WID the following objectives are agreed in application to the CRS-IM enhancements work:

	· 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.


At the initial stage (i.e. Stage 1) of the WI the main purpose of RAN4 work would be to investigate the performance/feasibility of candidate CRS-IM enhancements. In particular, the following three key work directions are included in the WI scope:

1) Identification of target scenarios:

· Deployment scenarios (number of CRS APs, CRS patterns)

· Target physical channels

· Interference models (power profiles, transmission parameters, etc)

2) Identification of reference CRS-IM receiver structure assumptions:

· Target CRS-IM algorithms

· Number of cancelled cell(s)
· Complexity reduction techniques, etc

3) Evaluation of CRS-IM performance

In this contribution we provide our views on the target scenarios for the enhanced CRS-IM (E-CRS-IM) work. In the companion papers we provide views on the CRS-IM reference receivers, simulation assumptions and provide selected simulation results [2-4].
2. Scenarios
The following target CRS-IM enhancements scenarios are described in the WID [1]:

	· The following scenarios are prioritized:

· 2 RX antennas UEs with 4 CRS APs in the serving and interference cell(s)

· 2 RX antennas UEs with a mix of 2 and 4 CRS APs in the serving and interference cell(s)

· 4 RX antennas UEs with 2 and 4 CRS APs in the serving and interference cell(s)

· CRS-IM can be used for different downlink physical channels:

· First priority: PDSCH (both CRS- and DMRS-based transmission modes)

· Second priority: DL control channels including PDCCH, PCFICH, PHICH and EPDCCH

· Non-colliding CRS scenarios are primarily considered

· Colliding CRS scenarios are not precluded.

· Homogeneous deployment scenarios are primarily considered

· Heterogeneous deployment scenarios are not precluded.

· Single carrier case.


Below we provide our views on the target scenarios:
2.1 Network and UE scenarios
The main purpose of the introduction of new CRS-IM requirements is to generalize CRS-IM receivers applicability for the scenarios with arbitrary number of transmit antennas and CRS APs at the eNodeB side and also ensure proper receiver implementations for the UEs equipped with both 2 and 4 receive chains. Given that the existing Release 11 and 13 requirements are introduced for the case of 2 CRS APs and 2 receive antennas (2RX) UEs only, the following key scenarios need to be considered to remove the test coverage imbalance and allow wider applicability of the CRS-IM:

· CRS-IM for the scenarios with arbitrary number of eNB TX antennas (4 CRS APs and a mix of 2/4 CRS APs) (see Figure 1)
· CRS-IM for UEs with different number of RX antenna chains (2RX and 4 RX UEs)
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Figure 1. Network scenarios for CRS-IM for 4 CRS APs and a mix of 2/4 CRS APs
In Table 1 we provide a list of possible combinations of network configurations in terms of number of CRS APs and number of RX chains. In our view at the initial stage the studies should be conducted for a wide set of target scenarios. However, the total number of scenarios can be rather large and we suggest to focus on a subset of scenarios: “2RX + 4/4 CRS”, “2RX + 2/4CRS”, “2RX + 4/2CRS” and “4RX + 2/2CRS” for PDSCH evaluations. For the control channel evaluations, the set of analysed scenarios can be reduced and the enhancements can be investigated for “2RX + 4/4 CRS” and “4RX + 2/2 CRS” scenarios (i.e. ensure 4 CRS APs interference handling and 4RX operation).
Table 1. Network/UE configuration scenarios

	Scenario
	Number CRS APs
	# of UE RX chains
	Description

	
	Serv. Cell
	Interf. Cell
	
	

	Scenario #1
(2RX + 2/2 CRS)
	2
	2
	2
	2 RX antennas UEs with 2 CRS APs in the serving and interference cell(s). Baseline Rel-13 scenario. Can be used as the reference scenario.

	Scenario #2
(2RX + 4/4 CRS)
	4
	4
	2
	2 RX antennas UEs with 4 CRS APs in the serving and interference cells.

	Scenario #3
(2RX + 2/4 CRS)
	2
	4
	2
	2 RX antennas UEs with mix of 2/4 CRS APs in the serving and interference cells.

	Scenario #4
(2RX + 4/2 CRS)
	4
	2
	2
	2 RX antennas UEs with mix of 4/2 CRS APs in the serving and interference cells.

	Scenario #5
(4RX + 2/2 CRS)
	2
	2
	4
	4 RX antennas UEs with 2 CRS APs in the serving and interference cells.

	Scenario #6
(4RX + 4/4 CRS)
	4
	4
	4
	4 RX antennas UEs with 4 CRS APs in the serving and interference cells.

	Scenario #7
(4RX + 2/4 CRS)
	4
	2
	4
	4 RX antennas UEs with mix of 2/4 CRS APs in the serving and interference cells.

	Scenario #8
(4RX + 4/2 CRS)
	2
	4
	4
	4 RX antennas UEs with mix of 4/2 CRS APs in the serving and interference cells.


Proposal #1:
Further investigate CRS-IM enhancements for the scenarios in Table 1. 

Prioritize work on the “2RX + 4/4 CRS”, “2RX + 2/4CRS”, “2RX + 4/2CRS” and “4RX + 2/2CRS” scenarios for PDSCH evaluations.

Prioritize work on the “2RX + 4/4 CRS” and “4RX + 2/2 CRS” scenarios for control channel evaluations.
2.2 CRS pattern scenarios
Depending on the considered CRS pattern and number of CRS APs in the serving and interference cells, different interference types may be observed (see Figure 2 and Table 2). Obviously, at current stage RAN4 has defined the requirements in application to a single scenario out of total 8 scenarios described below. In our view, the receiver design may be different for different scenarios and further discussion on the reference receivers should be done in application to each scenario. In accordance to the WID the work on the non-colliding CRS scenarios should be given a priority. For the colliding CRS scenarios, a subset of scenarios can be considered (e.g. 2/4 and 4/2 CRS).
Table 2. CRS pattern scenarios
	# of CRS APs
(S/I1 cells)
	CRS pattern 
(Cell ID S/I1)
	Interference types
	Requirements

	2/2 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-1 to Data

Data to CRS APs 0-1

Data to Data
	Already defined

	
	Colliding CRS (0/6)
	CRS APs 0-1 to CRS APs 0-1

Data to Data
	No requirements defined

	4/4 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-3 to Data

Data to CRS APs 0-3

Data to Data
	No requirements defined

	
	Colliding CRS (0/6)
	CRS APs 0-3 to CRS APs 0-3

Data to Data
	No requirements defined

	2/4 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-3 to Data

Data to CRS APs 0-3

Data to Data
	No requirements defined

	
	Colliding CRS (0/6)
	CRS APs 0-1 to CRS APs 0-1

CRS APs 2-3 to Data

Data to Data
	No requirements defined

	4/2 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-1 to Data

Data to CRS APs 0-3

Data to Data
	Same as 2/2 CRS with Non-colliding CRS pattern

	
	Colliding CRS (0/6)
	CRS APs 0-1 to CRS APs 0-1

Data to CRS APs 2-3

Data to Data
	No requirements defined
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Figure 2. CRS pattern scenarios
Proposal #2:
Further investigate CRS-IM performance for the Non-colliding CRS pattern scenarios in Table 2. For colliding CRS scenarios consider scenarios with mix of 2 and 4 CRS APs.
The table above is provided for the first dominant interferer case. In all recent advanced receivers WIs two dominant interferers are considered to be modelled and hence CRS pattern for the second interferer should be defined. In our view, the approach adopted in NAICS and CCIM WIs can be adopted (i.e. Cell ID patterns S/I1/I2 are 0/1/6 for the non-colliding CRS scenario and 0/6/1 for the colliding CRS scenarios).
Proposal #3:
Use Cell ID patterns S/I1/I2 0/1/6 for the non-colliding CRS scenario and 0/6/1 for the colliding CRS scenarios
2.3 Physical channels

The WID prioritizes the work on the PDSCH performance improvement. Furthermore, as captured in the WI objectives both CRS-based and DMRS-based TMs should be considered. In our view, for the CRS-based TMs the analysis can be limited by TM4 similar to the Rel-13 CRS-IM WI. For the DMRS-based TMs, TM9 should be considered. Whether TM10 scenario should be additionally considered may need further discussion. For the DMRS-based TMs analysis the investigations can be focused on the case of 4 RX antennas only and assume that the number of CRS APs is limited by 2. For the CRS-based TMs a wider range of scenarios can be considered including 4 CRS APs, mix of 2/4 CRS APs and 4RX antennas.
In our view, the CRS-IM enhancements can be also beneficial for the control channels including PDCCH, PCFICH, PHICH and EPDCCH and are worth further studying. Such investigations can be provided with lower priority.

Proposal #4:
CRS-IM for PDSCH: Investigate CRS-IM enhancements for PDSCH TM 4 and 9. FFS if TM10 should be considered.
Proposal #5:
CRS-IM for control channels: Investigate CRS-IM enhancements for PDCCH, PCFICH, PHICH and EPDCCH.
2.4 Interference power profile

In accordance to the WID [1], either Rel-12 NAICS or Rel-13 CRS-IM interference profiles are recommended to be reused for the Rel-14 E-CRS-IM work. In general, both NAICS and CRS-IM profiles provide detailed interference power profiles. The NAICS interference profiles [5] are defined for both Homogeneous and Heterogeneous deployments under assumption of 40% and 60% network RU. The profiles are provided the different interference conditions including low/med/high SINR regions and also low/med/high INR values. The CRS-IM profiles [6] are defined for the Homogeneous deployments and focus on cell-edge UEs only. Meanwhile, the profiles are available for a finer grid on possible network RU values. In our view, to simplify alignment with the prior RAN4 studies it would be more convenient to reuse Rel-13 CRS-IM interference power profiles for PDSCH analysis. For control channels, in order to keep consistency with prior work, CCIM profiles may be preferable.
Proposal #6:
Reuse Rel-13 CRS-IM interference power profiles for data analysis. For control channel evaluations the interference power profile is FFS.
2.5 Interference model for PDSCH

For the Rel-13 CRS IM requirements 20% interference PDSCH loading with per TTI basis granularity was used for the definition of the UE demodulation performance requirements. In addition, during the SI stage studies a range of loading values was evaluated (from 10% to 50%). For the Rel-14 E-CRS-IM investigations, similar partial loading scenarios can be considered. For the evaluation purposes a range of possible loadings can be used (e.g. 0%, 20% and 40%). Furthermore, the Rel-13 CRS-IM requirements are defined for interference model with 80%/20% distribution of interference rank 1/2 transmissions with per subband modelling granularity. A similar methodology can be used for the E-CRS-IM.
Proposal #7:
Reuse Rel-13 CRS-IM interference model with per-TTI interference presence modelling for the PDSCH analysis. Further evaluate performance for the case of 0%, 20%, and 40% RU.
2.6 Interference model for control channels
For the PDCCH/PCFICH/PHICH analysis the Rel-13 CCIM interference model can be reused (see TS 36.101 B.7).
Proposal #8:
Reuse Rel-13 CCIM control region interference models for PDCCH/PCFICH/PHICH analysis
In Rel-13 the CCIM EPDCCH requirements already ensure that UE can apply CRS-IC for EPDCCH processing (see TS 36.101 test cases 8.8.4.1 and 8.8.4.2). The requirements are introduced under assumption of 0% interference PDSCH loading. For the E-CRS-IM framework, we think same approach can be reused.

Proposal #9:
For EPDCCH analysis use CRS only interference model
2.7 Antenna correlation models

The CRS-IM is generally applicable for both low and high correlations. To reduce the amount of simulations the investigations can be limited by low antenna correlation models.
Proposal #10:
Use low antenna correlation models for analysis
2.8 Transmission parameters

The CRS-IM performance gains can be achieved for various transmission parameters (MCS, MIMO rank). For the initial investigations the Rel-13 CRS-IM FRC (Rank 1 16QAM ½) can be a good starting point. Other transmissions parameters can be also included in the scope (e.g. QPSK, 64QAM and also rank 2 scenarios).
3. Conclusions

In this contribution, we’ve provides views on the target scenarios for the E-CRS-IM investigations. In summary, we make the following proposals:
Proposal #1:
Further investigate CRS-IM enhancements for the scenarios in Table 1. 


Prioritize work on the “2RX + 4/4 CRS”, “2RX + 2/4CRS”, “2RX + 4/2CRS” and “4RX + 2/2CRS” scenarios for PDSCH evaluations.

Prioritize work on the “2RX + 4/4 CRS” and “4RX + 2/2 CRS” scenarios for control channel evaluations.
Proposal #2:
Further investigate CRS-IM performance for the Non-colliding CRS pattern scenarios in Table 2. For colliding CRS scenarios consider scenarios with mix of 2 and 4 CRS APs.

Proposal #3:
Use Cell ID patterns S/I1/I2 0/1/6 for the non-colliding CRS scenario and 0/6/1 for the colliding CRS scenarios
Proposal #4:
CRS-IM for PDSCH: Investigate CRS-IM enhancements for PDSCH TM 4 and 9. FFS if TM10 should be considered.
Proposal #5:
CRS-IM for control channels: Investigate CRS-IM enhancements for PDCCH, PCFICH, PHICH and EPDCCH.
Proposal #6:
Reuse Rel-13 CRS-IM interference power profiles
Proposal #7:
Reuse Rel-13 CRS-IM interference model with per-TTI interference presence modelling for the PDSCH analysis. Further evaluate performance for the case of 0%, 20%, and 40% RU.

Proposal #8:
Reuse Rel-13 CCIM control region interference models for PDCCH/PCFICH/PHICH analysis
Proposal #9:
For EPDCCH analysis use CRS only interference model
Proposal #10:
Use low antenna correlation models for analysis
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