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1 Introduction

The study item entitled “Study on Network Assisted Interference Cancellation and Suppression for LTE” was approved in RAN plenary #59 [1].  This study item will be kicked off in RAN1 and RAN4 simultaneously with respective objectives defined in the SID. The study item requires close coordination between RAN1 and RAN4 in order to be able to meet the target completion date of RAN #62 in December 2013. Moreover, due to the working load in RAN1, it is particularly noted in the meeting report of RAN #59 that the first objective should be completed before RAN #60 in June 2013 [2]. 
This contribution provides work plans for both RAN1 and RAN4 to ensure the timely completion of each objective. It also clarifies how to coordinate the parallel study in RAN1 and RAN4 to ensure efficient cooperation between the two WGs.
Note:  The same contribution is submitted to RAN1 #72bis in R1-131188.  
2 Study Objectives and Component Tasks
The objectives are pasted here for convenience: 
1. (RAN1) For data/control channels of interest,  identify and agree on realistic deployment scenarios and co-channel inter- and intra-cell interference conditions (including corresponding network/transmission parameters)  for evaluating different interference cancellation (IC) or interference suppression (IS) receivers, including the following two main scenarios:

· Intra-cell interference resulted from current SU-/MU-MIMO operation 

· Inter-cell interference based on deployment scenarios prioritized in Rel-11, taking into account scenarios, once defined, under Rel-12 WIs/SIs such as small cells.

2. (RAN4) Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility  

· Analyze complexity and feasibility of basic receiver structures 

· Receiver structures based on linear MMSE IRC, successive interference cancellation, and maximal likelihood detection are considered as a starting point for reference IS/IC receivers

· Work can be conducted in parallel to step-1

· Based on the RAN1 scenarios agree on co-channel inter- and intra-cell interference models for link-level simulation 

· Evaluate the link-level gain over baseline Rel-11 linear MMSE-IRC receivers and Rel-11 non-linear receivers required for FeICIC

· Indicate (to RAN1) assumptions on the network assistance information for the evaluated receivers under possible network coordination 
3. (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

· Work can start at different time for different reference receivers 

Note 1 - All evaluations shall take into account practical transmission and feedback overhead/error/delay and realistic eNB and UE impairment modelling including timing/frequency error and backhaul delay.

Note 2 – The study will cover both TDD and FDD deployments, and both CRS based transmission (including PDSCH and PDCCH) and DMRS-based transmission (including PDSCH and EPDCCH). The study should take into account the co-channel interference scenarios arising from homogeneous and heterogeneous networks including small-cell related WI/SI in Rel-12. 

Note 3 – The study should consider techniques and operation scenarios in other SI/WI (e.g., enhanced DL-MIMO, enhanced CoMP, New Carrier Type, and small cell enhancement), and duplication of work should be avoided.

The three objectives naturally correspond to three component tasks/topics:
A. Deployment scenarios and interference conditions as a result of inter- and intra-cell transmission schemes
B. Link-level performance of identified receivers with or without network assistance
C. System level performance and spec impact
3 Parallel study in RAN1 and RAN4 
The steps of scenario definition, link-level performance study, and system-level performance study follow each other in a typical work flow, but parallel study is specifically mentioned in the SID in several places. Firstly, parallel discussion in RAN1 and RAN4 is envisioned between objective #1 and #2 as in the following:
· The identification and complexity/feasibility of basic receiver structures, including their variants, can start right away in RAN4 #66 (April), while RAN1 discusses scenario and interference condition 
· However, interference modeling for link level performance evaluation and quantitative link level simulation should be based on the scenario and interference conditions defined in objective #1.
Secondly, link level evaluation in objective #2 (RAN4) and system level performance evaluation in objective #3 (RAN1) are also envisioned to be able to proceed in parallel as such:
· The baseline Rel-11 MMSE-IRC receiver structure is well understood from Rel-11. Since the link- or system-level performance gain will be measured against that of MMSE-IRC, RAN1 can start to develop/calibrate the system level modeling methodology of practical MMSE-IRC receivers based on the Rel-11 discussion as a starting point. This task does not depend on RAN4 work in objective #2.
· Similarly, when a receiver’s realistic link performance is understood well enough in RAN4 with a decent number of data points during objective #2, RAN1 can start to evaluate the system level performance for it based on those data points from RAN4, even though RAN4 may begin to evaluate other receivers or possibly provide even more data points for further consideration. 
According to the SID, RAN1 is responsible for developing the system level modeling methodologies for the receivers identified by RAN4. RAN1’s modeling methodology should take into account RAN4 input on relevant impairment, particularly, the receiver processing aspects that contribute to the realistic receiver performance observed in RAN4’s link level study.   
4 Work plan for RAN1 

The study is expected to be done from RAN1#72bis (RAN4 #66bis) to RAN1#75 (RAN4#69) with 5 meetings each as listed below:
	RAN1#72bis  (RAN4#66bis)
	15 – 19 April 2013
	Chicago, USA
	

	RAN1#73  (RAN4 #67)
	20 – 24 May 2013
	Fukuoka, Japan
	4-week gap

	RAN#60
	11 – 14 June 2013
	US
	

	RAN1#74  (RAN4#68)
	19 – 23 August 2013
	Barcelona, Spain
	12-week gap

	RAN#61
	3 – 6 September 2013
	Porto, Portugal
	

	RAN1#74bis (RAN4#68bis)
	7 – 11 October 2013
	Guangzhou (RAN1)

Riga (RAN4)
	6-week gap

	RAN1#75 (RAN4#69)
	11 – 15 November 2013
	USA
	4-week gap

	RAN#62
	3 – 6 December 2013
	Korea
	


Based on the objective #1 and #3, the work plan for RAN1 is proposed as following:
· RAN1#72bis
· Agree on the deployment scenarios, including any prioritization 
· Agree on inter-cell interference conditions resulted from considered inter-cell coordination including the case of no coordination 
· Agree on any additional intra-cell interference resulted from MU-MIMO operation 
· Agree on the targeted victim data/control channel(s) of interest and associated transmission mode, corresponding interference data/control channel(s) and associated transmission mode, and any additional interference reference signals  
· Agree on evaluation assumptions
· Note: Aim for agreement on as much details as possible, especially if MU and/or CoMP schemes are considered since both affect inter- and/or intra-cell interference observed at UEs. Sufficient level of detail, especially the assumed behavior of UE feedback and scheduler, should be agreed to kick off interference modeling discussion for link-level evaluation in RAN4. 
· RAN1#73
· In case still needed, agree on all remaining details that affect inter- and/or intra-cell interference, including MU/CoMP transmission schemes, feedback assumption, and scheduling behavior assumption
· In case still needed, agree on  the interference conditions of the identified target victim data/control channel(s) and corresponding interference data/control channel(s)
· Agree on system level modeling methodology for the baseline MMSE-IRC receiver
· RAN1#74 
· Depending on availability of RAN4 link-level performance evaluation results, for the IS/IC receivers that RAN4 has derived a good understanding of the relevant performance-impacting aspects, develop system level modeling methodologies for those receivers after taking into account input from RAN4 on relevant impairments 
· Evaluate the system-level gain of those well-understood receivers over the baseline MMSE-IRC receivers. For receivers with network assistance, compare performance results with that of solutions without network assistance

· Identify any physical layer changes needed to achieve the system level gain if significant gains are observed. 
· If significant gain is identified for receivers with network assistance compared to receivers without network assistance, identify any network signaling needed. Discuss trade-off between gain, robustness, and signaling/coordination complexity. 
· Note: Meeting time is not approved yet until the discussion concludes in RAN #60 (June)
· RAN1#74bis
· Same as previous tasks in RAN1#74, possible for more receivers identified and evaluated in RAN4
· Note: Meeting time is not approved yet until the discussion concludes in RAN #61 (September)
· RAN1#75
· Continue with system-level evaluation, identification of any physical layer changes and network signaling needed, and trade-off study between gain, robustness, and signaling/coordination complexity. 
· Conclusion of the study item and discussion of way forward 
5 Work plan for RAN4
Based on the objective #2, the work plan for RAN1 is proposed as following:

· RAN4#66bis
· Identify reference IS/IC receivers with and without network assistance
· Analyze complexity and feasibility of basic receiver structures. Receiver structures based on linear MMSE IRC, successive interference cancellation, and maximal likelihood detection are considered as a starting point for reference IS/IC receivers.

· Start to discuss link level modeling if time allows (while waiting for RAN1 scenario discussion to converge, RAN4 link level discussion may be based on well-known Rel-11scenarios)
· RAN4#67
· Define co-channel inter- and intra-cell interference models for link-level simulation, taking into account the RAN1 scenario definition and evaluation assumptions  
· Evaluate the link-level gain of identified receivers with and without network assistance
· RAN4#68 

· In case still needed, continue the interference model discussion based on the RAN1 scenarios
· Evaluate the link-level gain of identified reference IS/IC receivers with and without network assistance
· Indicate to RAN1 assumptions on the network assistance information for the evaluated receivers under possible network coordination 
· Provide input to RAN1 on link level results and relevant impairment modeling, for RAN1 to develop system level modeling methodology for the identified receivers
· Note: Meeting time is not approved yet until the discussion concludes in RAN #60 (June)
· RAN4#68bis
· Continue the evaluation of the link-level gain of identified receivers with and without network assistance 

· Providing all the remaining inputs to RAN1 on identified receivers and performance modeling (Note: In order to make sure RAN1 has sufficient time for system simulation, for each considered receiver,  RAN4 should provide at least a first set of data points by the end of  RAN4#68)
· Note: Meeting time is not approved yet until the discussion concludes in RAN #61 (September)
· RAN4#69
· Further performance evaluation results (Note: Even though the new results will be included in the TR, RAN1 may not be able to take into the observations revealed in these new results in the system-level evaluation because RAN1 will be concluding the SI at the same time.)   
· Conclusion of link level performance evaluation for all identified receivers 
6 Conclusion

In this contribution, we provided the proposed work plan for both RAN1 and RAN4 to ensure the timely completion of each objective. It also clarifies how to coordinate the parallel study in RAN1 and RAN4 to ensure efficient cooperation between the two WGs.
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