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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].  The first objective is copied below 
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.

This first objective should be completed in maximally two meetings and preferably sooner [2], also with as much detail as possible because the outcome of the discussion will affect the interference models for link level simulation as stated in the second objective below:
· Based on the RAN1 scenarios (RAN4) agree on co-channel inter- and intra-cell interference models for link-level simulation 

In this contribution, we discuss and propose 
· Deployment scenarios and prioritization
· Consideration of inter-cell coordination 
· Consideration of additional intra-cell interference from MU-MIMO 
· Targeted (victim) physical channel(s) of interest and interference channel(s)
2. General Consideration 
As stated in the Justification section of the SID [1], the motivation of the Study Item is to investigate how the system performance can be enhanced by more advanced IS/IC (interference suppression / interference cancellation) receivers over Rel-11 MMSE-IRC.  A natural starting point of scenario discussion can be the existing scenarios defined in Rel-11, taking into account the small cell deployment scenario agreed so far. This is exactly what is mentioned in the first objective. A quick convergence on scenarios will allow us to focus more on the study of what kind of advanced receivers can enhance the system performance and how to exploit receivers’ full potential in system design.
We propose the following principles in scenario definition:
· Define scenarios in RAN1 to serve two purposes: (1) define system level assumption for evaluating NAIC receivers; (2) providing guidance to RAN4 in the definition of interference model for link level simulation.
· Include both homogenous and heterogeneous network scenarios that can be selected from existing ones from TR36.814 (LTE-A Rel-10), TR36.819 (CoMP), TR36.871 (eDL-MIMO), and TR36.923 (small cell), with minimal modification
· Align system simulation parameters with those defined in the previous documents as much as possible
· Minimize the number of scenarios for homogenous and heterogeneous deployment
· Define baseline scenarios as deployment without any coordination. Additionally, when defining scenarios that mainly differs in coordination assumptions, clarify and define scheduler behavior with sufficient level of details if possible, but serving only as reference practice for (1) providing guidance to RAN4 on the link level model of resulting interference (2)  establishing a reference system level performance for studying the additional gain from NAIC receivers
3. Inter-cell Interference Scenarios  
Inter-cell interference is always present and determines the UE geometries. Fortunately, there has been a lot of network deployment scenarios discussion in the past during LTE-A study, CoMP, DL-MIMO, and recently small-cell. Hence we could reuse as much as possible the previous scenario definition for our study, thus putting more focus on the next level of detail on interference modeling in particular. 
3.1. Review of previous scenario definitions  
We fist review the existing scenario definition (Italic text are the exact text used in TRs):
· From TR36.814 v9.0.0 (2010-03) [3]
· Homogeneous deployment (case 1 and 3, and ITU): Simulation parameters from TR25.814 were reused such as SCM channel model, but 3D antenna pattern (i.e., with eNB antenna down tilting) was first introduced here. Case 1 & 3 were also the scenarios used in MMSE-IRC study in RAN4 [6]. But in TR36.814, ITU channel models were added and used widely.     
· Heterogeneous deployment, with the following priority. 
· 1.
Indoor HeNB clusters

· 2.
Outdoor Hotzone cells with configuration #1 (uniform UE dropping) and #4 (non-uniform UE dropping) (in Table A.2.1.1.2-4)

· 3.
Indoor Hotzone scenario (RAN4 femto or pico models could be used)

· 4.
Other scenarios can be studied with lower priority 
· From TR36.819 v 11.1.0 (2011-12)  [4]
· 4 CoMP scenarios were defined based on the level of coordination:
· 1.
Scenario 1: Homogeneous network with intra-site CoMP, as illustrated in Figure A.1-1

· 2.
Scenario 2: Homogeneous network with high Tx power RRHs, as illustrated in Figure A.1-2

· The central entity can coordinate 9 cells as a baseline, with the reference layout as in Figure A.1-3

· Choose between 3, 19, 21 cells as a potential optional value. Interested reader can refer to [R1-110585] for some layout examples. 

· Method for modeling of the out-of-coordinated area interference is to be described

· 3.
Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage (Figure A.1-4).

· transmission/reception points created by the RRHs have different cell IDs as the macro cell

· Coordination area includes:

· 1 cell with N low-power nodes as starting point

· 3 intra-site cells with 3*N low-power nodes

· Benchmark is non-CoMP Rel. 10 eICIC framework with the different cell ID

· 4.
Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell (Figure A.1-4).

· Coordination area includes:

· 1 cell with N low-power nodes as starting point

· 3 intra-site cells with 3*N low-power nodes

· Benchmark is non-CoMP Rel. 10 eICIC framework with the different cell ID. The parameters used in our simulation are listed in Appendix. Here we provide some more details to clarify the assumptions used for interference measuring and scheduling. 
· Scenario 1&2 uses 3GPP Case1 as baseline, but ITU UMi (200m ISD) is recommended. 
· Scenario 3 &4 uses ITU UMa for macro and UMi for LPN (optional indoor-outdoor modeling: 80% indoor with penetration loss defined as 20+0.5din which is the same as in small cell simulation assumption [8])
· From TR36.871 v11.0.0 (2011-12) [5]
· 3 scenarios were defined there:
· A. Homogeneous macro network (2Tx, 4Tx)

· Use the macro part of the baseline channel of scenario 4 in the CoMP SI with indoor-outdoor modeling and (optional) 100% UE outdoors 
· In R1-130457 [9], further agreed that “The evaluation will use user distributions for scenario A for (a) the case with 20% outdoor/80% indoor UE distribution and (b) the open-space case with 100% outdoor UE distribution”

· B. Network with low power Tx points for both outdoor and indoor within the macrocell coverage
· Reuse the assumptions from scenario 3/4 in the CoMP SI with configuration 4b of TR36.814
· Mandatory: 100% UE outdoors. Optional #1: UE dropped in LPN areas, 25% being indoor; Remaining UEs dropped in macro area with 80% being indoor. Optional #2: All UEs have 80% chance of being indoors
· C. Outdoor low-power Tx points
· Reuse the assumptions from scenario 3/4 in the CoMP SI with configuration 4b of TR36.814
· C1: with macro cell on the same carrier frequency. No coordination between the low-power Tx points, nor with the macro

· C2: with macro cell on an adjacent carrier frequency. No coordination between the Tx points. The macro cell has to be taken into account in the cell selection mechanisms
· From small-cell TR36.923 (R1-130748 [7] and R1-130856 (2013-03) [8])
· Scenario #1:  Co-channel deployment of the macro cell and outdoor small cells. Non-ideal  backhaul.
· This scenario is similar to scenario-B in eDL-MIMO which reused CoMP scenario #3/4 but with non-ideal backhaul.  Same UE dropping modeling as the optional indoor-outdoor modeling in CoMP scenario 3& 4 (i.e., 80% indoor and 20+0.5din for penetration loss)
· Scenario #2: Separate carrier frequency of macro and small cells with outdoor (#2a) and indoor (#2b) small cell deployment

· Scenario 2a is the same as scenario #1 except for carrier frequency @ 3.5GHz instead of the same as macro @ 2GHz. 
· Scenario #3:  Macro not present, but still with co-channel interference between small cells 
3.2. Proposal   
From the perspective of co-channel interference, both homogeneous and heterogeneous deployment should be studied. Inter-cell interference at the UE depends on the level of coordination as characterized by the number of cells that can coordinate, their backhaul assumption that affects how dynamic the coordination is, and the distributed or centralized scheduling behavior assumption. Hence the scenarios studied in CoMP and small-cell can serve as good references. A clear distinction from the previous CoMP study is that this study should focus on how the receivers can be taken advantage of in coping with resulting interference. 
So we proposed above to define baseline scenarios as deployment without any coordination. Additionally, when defining scenarios that mainly differs in coordination assumptions, clarify and define scheduler behavior with sufficient level of details if possible, but serving only as reference practice for (1) providing guidance to RAN4 on the link level model of resulting interference (2) establishing a reference system level performance for studying the additional gain from NAIC receivers.
With the above considerations, we propose:
· Two baseline scenarios, one each for homogeneous and heterogeneous deployment respectively. Baseline scenarios assume no inter-cell coordination.
· Two additional scenarios, one each for homogeneous and heterogeneous deployment respectively, with intra-site coordination which reflects the possibility of centralized scheduling or tight scheduler coordination between intra-site cells. CoMP transmission, as a type of intra-site coordination, may be considered if the scheduler and feedback assumptions can be clearly defined.   
	Scenario 
	Characterization
	Notes on simulation assumptions[note]

	A (baseline homogeneous)
	Homogeneous w/o coordination
	Same as “scenario-A” in TR36.871, the macro part of CoMP scenario #4, and scenario #1 in small cell. UE dropping model is the same as per Rel-12 eDL-MIMO agreement in R1-130457 

	B (baseline hetnet)
	Heterogeneous with outdoor LPN under no coordination  
	Same as “scenario #1” in small cell SI (R1-130856). Also the same as “scenario #2a” only with small cell using the same carrier as macro

	A + Intra-site
	Scenario A plus intra-site coordination
	Same as CoMP scenario #1 in TR36.819. 

	
	
	

	B + Intra-site
	Scenario B plus intra-site coordination among all nodes based on “Fiber access 4”  backhaul 
	Similar to CoMP scenario #3 in TR36.819 ” where the LPN model follows that of small cell “scenario #2a” instead 


Note: Detailed system simulation assumption can be found in the companion paper [3] .
Only intra-site, instead of inter-site, coordination is considered due to the following reasons:
· The focus of the SI is the study of what kind of advanced receivers can enhance the system performance and how to exploit receivers’ full potential in system designs. Hence we should first focus on the receiver performance under various assumption of interference knowledge in well-defined scenarios. Inter-cell coordination discussion is mainly for understanding the feasibility of receiver assumption. Once the receivers are well understood, we can certainly extend the receivers’ use case to inter-site coordination scenarios whenever feasible.  
· No inter-cell coordination is the baseline. Tight coordination among intra-site macro cells is also realistic and feasible, similarly for intra-site macro cells plus LPNs with quasi-ideal “fiber access 4” backhaul.     
· In Appendix, we include a simple analysis of the user geometries under proposed homogeneous deployment scenario, where we observe a noticeable SINR gain when intra-site interference can be excluded ideally. The gain becomes more prominent especially at moderate to high SINRs because intra-site interference becomes more dominant there, while at low geometries inter-site interference dominates.
4. Intra-cell Interference Scenarios  
In LTE, intra-cell interference arises under MU transmission (i.e., interference among UEs) and rank>1 SU transmission (i.e., interference among transmission layers). Inter-layer interference is addressed at the UE receiver with the network provisioning of RS for channel estimation of each layer and MCS knowledge of each layer. Both SU and MU are possible transmission schemes in LTE. Since MU operation in LTE is transparent to UEs, the presence and nature of cross-user MU interference are also transparent. From a receiver’s perspective, it is worthwhile to investigate whether an advance receiver will benefit MU operation as well. 
MU interference is additional to the inter-cell interference, and MU operation depends on the operational SINR points and hence inter-cell interference. For example, MU becomes more likely to be preferred over rank-1 SU when UEs are at good SINRs which is also be good for SU rank-2. MU transmission scheme and scheduling behavior, including UE pairing and precoding and possible power allocation, changes the interference profile/model at the UE, so they need to be clarified before the receiver performance gain can be evaluated. 
We propose:
· Intra-cell interference under MU transmission can also be investigated for the IC/IS receivers.
· MU scheduling and transmission schemes should be described clearly when considered in the evaluation. Note that TM5/8/9/10 are the current transmission modes for MU.
· MU interference link-level modeling in RAN4 can be based on well-understood precoding schemes such as ZF precoding derived from SU-PMI in DMRS-based TM, or codebook-constrained precoding in CRS-based TM5 MU transmission. 
5. Target and Interference Physical Channels   
Receiver processing is different depending on the transmission mode of the target channel and the interference channel. We use the table below to discuss various cases that can occur. 
	Desired channels
	Interference channels
	CRS interference additional to the interference channel?  
	Commonly encountered or not?

	DMRS-based PDSCH (TM8/9/10) 
	DMRS-based PDSCH (inter-cell)
	No, in MBSFN subframe or if PDSCH starts after 2nd symbol. Otherwise possible
	Typical case. 

	
	DMRS-based PDSCH (MU)
	No 
	Should be a typical case for MU

	
	CRS-based PDSCH 
	Yes
	May happen

	
	PDCCH (if overlapping with PDSCH)
	Possible if PDSCH starts at 1st or 2nd symbols
	May happen, but may not be an important case 

	
	EPDCCH
	Same as DMRS-based PDSCH
	Can be of interest when EPDCCH is used in neighbor cell

	CRS-based PDSCH 
	DMRS-based PDSCH (inter-cell)
	No, in MBSFN subframe and if PDSCH starts after 2nd symbol. Otherwise possible
	May happen

	
	CRS-based PDSCH (inter-cell)
	Yes
	Typical case. 

	
	CRS-based PDSCH (MU TM5)
	No
	May happen

	
	PDCCH (if overlapping with PDSCH)
	Possible if PDSCH starts at 2nd symbols
	May happen, but may not be an important case

	
	EPDCCH
	Same as DMRS-based PDSCH
	May happen

	EPDCCH
	Same as above for DMRS-based PDSCH (no MU though)
	Same as above for DMRS-based PDSCH
	May not be of key interest from the perspective of cell-average or cell-edge throughput 

	PDCCH
	PDCCH
	Yes
	PDCCH is not the key focus  from the perspective of cell-average or cell-edge throughput

	
	DMRS-based PDSCH and EPDCCH, or CRS-based PDSCH (if overlapping)
	Possible if overlap
	


We propose:
· First focus on DMRS-based PDSCH as the desired channel with DMRS-based PDSCH as inter/intra-cell interference
· Not to consider the case with CRS interference initially, but can be included after taking into account the discussion of RAN4’s CRS-IC study item at a later stage  
· EPDCCH as inter-cell interference channel may be of interest,  
· CRS-based PDSCH under the inter/intra-cell interference of CRS-based PDSCH is also of key interest to current deployment
· EPDCCH and PDCCH improvement is not a key focus from the perspective of cell-average or cell-edge throughput

6. Conclusion 
In this contribution, we discuss the following points 

· Deployment scenarios and prioritization

· Consideration of inter-cell coordination and its effect on inter-cell interference
· Consideration of additional intra-cell interference from MU-MIMO and its effect
· Targeted (victim) channel of interest and interference channel
Our proposals are:
· Define scenarios in RAN1 to serve two purposes: (1) define system level assumption for evaluating NAIC receivers; (2) providing guidance to RAN4 in the definition of interference model for link level simulation.

· Include both homogenous and heterogeneous network scenarios that can be selected from existing ones from TR36.814 (LTE-A Rel-10), TR36.819 (CoMP), TR36.871 (eDL-MIMO), and TR36.923 (small cell), with minimal modification

· Align system simulation parameters with those defined in the previous documents as much as possible

· Minimize the number of scenarios for homogenous and heterogeneous deployment

· Define baseline scenarios as deployment without any coordination. Additionally, when defining scenarios that mainly differs in coordination assumptions, clarify and define scheduler behavior with sufficient level of details if possible, but serving only as reference practice for (1) providing guidance to RAN4 on the link level model of resulting interference (2)  establishing a reference system level performance for studying the additional gain from NAIC receivers

· Two baseline scenarios, one each for homogeneous and heterogeneous deployment respectively. Baseline scenarios assume no inter-cell coordination.

· Two additional scenarios, one each for homogeneous and heterogeneous deployment respectively, with intra-site coordination which reflects the possibility of centralized scheduling or tight scheduler coordination between intra-site cells. CoMP transmission, as a type of intra-site coordination, may be considered if the scheduler and feedback assumptions can be clearly defined.   

	Scenario 
	Characterization
	Notes on simulation assumptions[note]

	A (baseline homogeneous)
	Homogeneous w/o coordination
	Same as “scenario-A” in TR36.871, the macro part of CoMP scenario #4, and scenario #1 in small cell. UE dropping model is the same as per Rel-12 eDL-MIMO agreement in R1-130457 

	B (baseline hetnet)
	Heterogeneous with outdoor LPN under no coordination  
	Same as “scenario #1” in small cell SI (R1-130856). Also the same as “scenario #2a” only with small cell using the same carrier as macro

	A + Intra-site
	Scenario A plus intra-site coordination
	Same as CoMP scenario #1 in TR36.819. 

	
	
	

	B + Intra-site
	Scenario B plus intra-site coordination among all nodes based on “Fiber access 4”  backhaul 
	Similar to CoMP scenario #3 in TR36.819 ” where the LPN model follows that of small cell “scenario #2a” instead 


Note: Detailed system simulation assumption can be found in the companion paper [3] .

· Intra-cell interference under MU transmission can also be investigated for the IC/IS receivers.

· MU scheduling and transmission schemes should be described clearly when considered in the evaluation. Note that TM5/8/9/10 are the current transmission modes for MU.

· MU interference link-level modeling in RAN4 can be based on well-understood precoding schemes such as ZF precoding derived from SU-PMI in DMRS-based TM, or codebook-constrained precoding in CRS-based TM5 MU transmission. 

· First focus on DMRS-based PDSCH as the desired channel with DMRS-based PDSCH as inter/intra-cell interference

· Not to consider the case with CRS interference initially, but can be included after taking into account the discussion of RAN4’s CRS-IC study item at a later stage  

· EPDCCH as inter-cell interference channel may be of interest,  

· CRS-based PDSCH under the inter/intra-cell interference of CRS-based PDSCH is also of key interest to current deployment

· EPDCCH and PDCCH improvement is not a key focus from the perspective of cell-average or cell-edge throughput

References
[1] RP-130404, "Study on Network Assisted Interference Cancellation and Suppression for LTE". 
[2] R1-13xxxx, “Proposed work plan for network-assisted IC study item”, MediaTek, RAN1#72bis
[3] R1-13xxxx, “Evaluation assumptions for network-assisted IC”, MediaTek, RAN1 #72bis
[4] TR 36.814 v9.0.0 (2010-03), “Further advancements for E-UTRA physical layer aspects (Release 9)”
[5] TR 36.819 v11.1.0 (2011-12), “Coordinated multi-point operation for  LTE physical layer aspects (Release 11)”
[6] TR 36.871 V11.0.0 (2011-12), “ Downlink Multiple Input Multiple Output (MIMO) enhancement for LTE-Advanced  (Release 11)”
[7] TR 36.829 v11.0.0 (2012-03), “Enhanced performance requirement for LTE User Equipment (UE) (Release 11)”
[8] R1-130748, “ (agreed) Text Proposal for TR36.923 on Small Cell Enhancement Scenarios”,   NTT DOCOMO, RAN1 #72
[9] R1-130856, “(agreed) Evaluation assumptions for small cell enhancements-physical layer”, Huawei, RAN1 #72
[10] R1-130457, “ (agreed) Summary of Evaluation Assumptions on Further Downlink MIMO Enhancement”, ALU, RAN#72
Appendix

The system simulation assumptions of the homogeneous scenario here [3] are the same as those in “scenario-A” in TR36.871, the macro part of CoMP scenario #4, and scenario #1 in small cell. UE dropping model is the same as per Rel-12 eDL-MIMO agreement in R1-130457. Here, we assume 100% outdoor.
	 
	Macro in scenario A (baseline homogeneous)  and scenario B (baseline HetNet)

	Layout
	Hexagonal grid, 3 sectors per site, case 1 with 500m ISD (see below for penetration loss), 19 macro sites


	System bandwidth per carrier
	10MHz

	Carrier frequency 
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm

	Distance-dependent path loss
	ITU Uma [referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819

	Antenna pattern
	3D,  referring to TR36.819

	Antenna Height: 
	25m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819

	Antenna configuration
	2Tx and 4Tx (0.5 lambda), cross-polarized
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Figure 1. SINR CDF of scenario A (baseline homogenous), same as “scenario-A” in TR36.871, or the macro part of CoMP scenario #4 in TR36.819, and scenario #1 in small cell evaluation assumption (R1-130856)
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Figure 2. Probabilty of top-8 inteferers being intra-site or inter-site at 4 geometry ranges ([-3,0) dB top left, [0,5) top right, [5,10) bottom left, [10+] bottom right)

