[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #73	R1-132344
Fukuoka, Japan, 20th May – 24th May 2013

Agenda Item:	　6.2.8.1
Source:         NEC Group
Title:	Further discussion on the NAICS Scenarios
Document for:	Discussion/Decision


1. Introduction
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In RAN1#72b meeting, we have agreed NAICS Scenarios as follows [1]:
Agreements:
· General for all scenarios:
· Baseline is Rel-11
· CRS interference modelling is included
· FFS number of antenna ports and number of MBSFN subframes
· CRS interference cancellation at the UE is assumed for all subframes for up to 2 interfering cells
· Traffic model: FTP model 1
· NAICS Scenario 1:
· Homogeneous network, macro only, ISD = 500m
· ITU UMa channel model
· Non-ideal backhaul between sites (same assumptions as for SCE SI)
· Coordination assumptions:
· Intra-site information exchange is possible
· Inter-site information exchange is subject to the backhaul latency
· FFS whether complexity of information exchange is also taken into account
· NB: This scenario is similar to CoMP scenario 1 in TR36.819
· NAICS Scenario 2a:
· SCE Scenario 1, with the modification that the small cell deployment is sparse not clustered (FFS: 4 or 10 per macro)
· Backhaul assumptions:
· Between macro-cell and small cells within its coverage, and small nodes under the coverage of one macro: Non-ideal 
· Between macros of different sites: Non-ideal
· Coordination assumptions:
· Intra-site information exchange is possible
· Inter-site information exchange is subject to the backhaul latency
· FFS whether complexity of information exchange is also taken into account
· NAICS Scenario 2b:
· Same as NAICS Scenario 2a, with the following exceptions:
· Backhaul assumptions between macro and small nodes within its coverage, and between small nodes under the coverage of one macro: “fibre access 4” as per TR36.932
· Coordination assumptions: 
· According to the backhaul assumptions, information exchange is possible in the following cases:
· Intra-site 
· Between a macro and a small node within its coverage
· Among small nodes within the coverage of the same macro
· According to the backhaul assumptions, the information exchange is subject to the backhaul latency (+ FFS complexity) in the following cases:
· Inter-site between macros 
· Between a  macro and a small node outside its coverage
· Among small nodes within the coverage of different macros 
· Synchronization error
· To be defined by RAN4
· Exact latency value corresponding to non-ideal backhaul is FFS from the values considered in the SCE SI

In RAN1#73, the discussion will focus on the remaining FFS evaluation assumptions, and the channels of interest. In this contribution, we discuss some remaining issues in NAICS Scenarios and provide our views based on the qualitative and quantitative analysis. Since we agreed in RAN1#72b that NAICS receivers should work with features of earlier releases, we also give some observations about the potential usage of NAICS on top of the existing features.

2. Discussion
For NAICS Scenario 2a/2b, the number of LPNs per Macro is FFS between 4 and 10. The case of less than 4 LPNs in Macro coverage has been used to model the application scenarios of the system in LTE Rel.10 and Rel.11. In LTE Rel.12 and future release, HetNet with more and/or dense LPNs may become popular. We think NAICS should not be designed for a specific case only. The effectiveness of NAICS should be investigated for the HetNet scenario with a small number of LPNs as well as the possible future applicable scenario with a large number of LPNs.

Observation1: It is necessary to investigate the effectiveness of NAICS for the HetNet scenario with a small number of LPNs as well as the possible future HetNet scenario with a large number of LPNs.

Therefore, we have the following proposal.
Proposal1: 
· NAICS Scenario 2a/2b with non-clustered 4 and 10 LPNs should be both investigated.

We preliminarily evaluate the performance of NAICS Scenario 2a/2b assuming 4 or 10 LPNs uniformly distributed in the Macro coverage. The ratio of point number satisfying RSRPserv – RSRPpoint < THRSRP=9dB is summarized in Fig. 1. According to the simulation results, it is obvious that more than 4 LPNs per Macro generates more severe interferences, which have not been studied in Rel.10/11 yet. We can see that the ratio of 2nd and 3rd points with RSRP higher than RSRPserv –THRSRP increases from 29.6% to 42.8% if 4 LPN per Macro become 10LPNs. On the other hand, the CDF of RSRPserv – RSRPpoint is given in Fig. 2. We can see that the RSRP of each non-serving point is getting stronger in case of more LPNs per Macro. For the 2nd and 3rd points, the ratio of RSRPserv – RSRPpoint<THRSRP=9dB increases around 15% when the number of LPNs per Macro increases from 4 to 10.
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(a) with 4 LPNs		               (b) with 10 LPNs
Fig. 1 Ratio of point number satisfying RSRPserv – RSRPpoint < THRSRP=9dB in NAICS Scenario 2a/2b
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(a) with 4 LPNs		               (b) with 10 LPNs
Fig. 2 RSRP NAICS Scenario 2a/2b

In RAN1#72b, we have agreed that NAICS receivers should work with features of earlier releases. Although the techniques in Rel.10 and Rel.11 can be used to coordinate the inter-cell interference, there may be strong interference remained. In the following, we discuss the potential usage of NAICS on top of the existing features.
In NAICS Scenario 2a with non-ideal-backhaul-connected LPNs, eICIC in Rel.10 is used to avoid the strong interference from Macro eNB. However, the interference from other neighbour LPNs is out of the scope of eICIC. NAICS may be applied to reduce the residual strong interference from the neighbour LPNs.
On the other hand, it is possible to apply NAICS to further improve the spectrum efficiency on top of the employment of eICIC in NAICS Scenario 2a. Conventionally, LPN UEs suffering from significant Macro eNB interference should be allocated to ABS subframes. The interference from Macro eNB is avoided by blanking the transmission of Macro eNB in ABS subframes. However, a large ratio of ABS subframes results in the loss of the resources for Macro UE’s data transmission. The legacy UE without the ability of NAICS has to use ABS subframes to avoid the severe interference from Macro eNB. For a UE with the ability of NAICS, it is possible to send the UE’s data in the reduced-power ABS subframes [2][3] or full power non-ABS subframes. Whether it is the reduced-power ABS subframes or full power non-ABS subframes depend on the NAICS performance since the interference may not be completely removed by using NAICS. With the assistance of NAICS, the ratio of ABS subframes with zero power transmission of Macro eNB can be reduced.

Observation2: 
· When eICIC in Rel.10 is applied in NAICS Scenario 2a with 4 or 10 LPNs per Macro, NAICS may be applied to reduce the residual strong interference from the neighbour LPNs; NAICS may also be applied to improve the spectrum efficiency by decreasing the ratio of zero-power ABS subframes and reducing the interference from Macro eNB in reduced-power ABS subframes and non-ABS subframes.

In NAICS Scenario 2b with ideal-backhaul-connected LPNs, CoMP can be applied to coordinate less than 3 strong inter-cell interferences. However, the strong interference may still be remained outside the CoMP measurement set. As illustrated in Fig. 3, there are multiple (e.g., 10) non-clustered LPNs in the Macro coverage. According to the UE’s RSRP in Fig. 4, only the strongest 3 points, i.e., point 1, 2, 3, are selected as the UE-specific CMS. Even if the 4th point satisfies the condition of RSRPserv – RSRPpoint <THRSRP, the interference from the point outside the CMS cannot be treated by CoMP in Rel. 11. NAICS may be applied to reduce the strong interference outside the CoMP measurement set. 
As shown in Fig. 1, there is 0.3% UEs who can see the 4th point within the RSRP threshold in case of 4LPNs per Macro area. However, the case of 10 LPNs per Macro raises the ratio of 4th point to 2.8%, more than half of the 5% cell-edge UEs. As shown in Fig. 2, for the 4th point’s RSRP, the ratio of RSRPserv – RSRPpoint<THRSRP=9dB changes from 19.6% to 36.4% when the number of LPNs per Macro increases from 4 to 10. Therefore, the benefits of NAICS by reducing the residual interference can be expected larger for larger number of LPNs per Macro coverage. 
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Fig. 3 HetNet with 10 LPNs per Macro              Fig. 4 UE’s RSRP

Within the CoMP measurement set, CoMP schemes in Rel.11 are considered in NAICS Scneario 2b as candidate inter-point transmission schemes, such as coordinated scheduling/beamforming (CS/CB), dynamic point selection (DPS) without or with dynamic point blanking (DPB). Within the UE-specific CoMP measurement set, different CoMP schemes can be applied by selecting different transmission point (TP). For DPS, the strongest point can be selected as the TP but the interferences from the other two points in the CMS are remained. As shown in Fig.3, with the CoMP measurement set of point 1-3, the point 1 and 3 are the interfering points if point 2 is selected as TP. If DPB is further considered, the residual interference may be avoided by blanking the neighbour cell’s transmission. However, it results in the loss of resources and degradation of spectrum efficiency. Instead, NAICS can be used to improve the spectrum efficiency by allowing the transmission at the interfering point(s) within the CoMP measurement set with more scheduling flexibility at the transmitter side. Even if CS/CB is used to increase the resource utilization by inter-cell multi-user beamforming, the UE pairing with quantized precoding vector may still generates residual interference. In this sense, NAICS may be used to further improve the spectrum efficiency on top of CS/CB to reduce the interference within the CoMP measurement set.

Observation3: 
· When CoMP in Rel.11 is applied in NAICS Scenario 2b with 4 or 10 LPNs per Macro, NAICS may be applied to reduce the residual strong interference outside the CoMP measurement set; NAICS may also be applied to improve the spectrum efficiency by allowing the transmission at the interfering point(s) and/or reducing the residual interference within the CoMP measurement set.

Based on the above observation 2 and 3, the benefits of NAICS in terms of residual interference reduction and spectrum efficiency improvement, can be expected in NAICS Scenario 2a/2b with both 4 and 10 LPNs. The investigation of NAICS achievable gain can be started from the case of 10 LPNs with possibly higher gain. If the achievable gain of NAICS is not as large as expected, the benefits of NAICS in case of 4 LPNs can be regarded marginal. Otherwise, the gain of NAICS in case of 4 LPNs should be further studied to clarify the application scenario of NAICS.

Proposal2:
· NAICS Scenario 2a/2b with non-clustered 10 LPNs can be studied at first to show the achievable gain of NAICS, which may give hints to the further study on the application of NAICS in NAICS Scenario 2a/2b with non-clustered 4 LPNs.

4. Conclusion
In this contribution, we have the following proposals:
Proposals:
· NAICS Scenario 2a/2b with non-clustered 4 and 10 LPNs should be both investigated.
· NAICS Scenario 2a/2b with non-clustered 10 LPNs can be studied at first to show the achievable gain of NAICS, which may give hints to the further study on the application of NAICS in NAICS Scenario 2a/2b with non-clustered 4 LPNs.

Regarding the potential usage of NAICS on top of the existing features, we have the following observations:
Observations: 
· When eICIC in Rel.10 is applied in NAICS Scenario 2a with 4 or 10 LPNs per Macro, NAICS may be applied to reduce the residual strong interference from the neighbour LPNs; NAICS may also be applied to improve the spectrum efficiency by decreasing the ratio of zero-power ABS subframes and reducing the interference from Macro eNB in reduced-power ABS subframes and non-ABS subframes.
· When CoMP in Rel.11 is applied in NAICS Scenario 2b with 4 or 10 LPNs per Macro, NAICS may be applied to reduce the residual strong interference outside the CoMP measurement set; NAICS may also be applied to improve the spectrum efficiency by allowing the transmission at the interfering point(s) and/or reducing the residual interference within the CoMP measurement set.
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