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1. Introduction

In the RAN1 discussions on eICIC HetNet deployments and solutions it have been identified in numerous contributions that most challenging HetNet case is the macro + CSG HeNB scenario, which may result in macro-layer coverage holes if using plain co-channel deployment without applying any explicit interference management mechanisms. 
The latter is especially the case as macro-UEs close to CSG HeNB may likely experience too high interference in the downlink direction. In order to overcome the latter problem, several candidate solutions have been considered in RAN1 including: (i) use of autonomous HeNB power settings [1] and (ii) resource partitioning between macro and HeNB. Here the use of autonomous HeNB power setting has proven efficient for significantly reducing the probability of experiencing so-called macro-layer coverage holes [1], converging to nearly zero probability if using Hybrid or Open Access mode for the HeNBs [3]. However, in order to completely avoid macro-layer coverage holes caused by CSG HeNB(s), it has been found in previous RAN1 studies that some resource partitioning is needed. In this contribution we address the various options for macro / HeNB resource partitioning, as well as discuss the pros and cons of the different solutions. 
It has been identified in the latest RAN1 discussions that many of the solutions require quite significant involvement of RAN4. Thus, we have also prepared a sketch of potential RAN4 work plan and initial estimate of RAN4 time schedule in order to facilitate discussions and decision making in RAN4 on how to move forward with these RAN4 related eICIC studies.
The contribution is organized as follows: In Section 2 we present a short overview of two possible resource partitioning schemes; (i) simple Rel-8/9 compliant frequency domain and (ii) a more advanced time-domain (TDM) eICIC scheme requiring additional standardization to be supported in Rel-10. In Section 3 we further discuss some of the open issues and implications for the TDM eICIC scheme. Summary and system aspects are presented in Section 4 and a proposal for a way forward in Section 5. In the Annex A of the contribution we also provide a sketch of needed RAN4 eICIC work and related work and time plan for the review of RAN4.
2. Overview of resource partitioning principles
In this section we give a short overview of two different resource partitioning schemes for avoiding interference between macro-layer and HeNB-layer. We start by shortly outlining a simple frequency domain scheme, which is feasible in Rel-8/9, and thus applicable also in Rel-10 without any additional specification changes. Secondly, we summarize the time-domain eICIC proposal based on coordinated use of so-called “almost blank sub-frames”. 
2.1 Frequency domain resource partitioning
One simplest form of resource partitioning between macro and HeNBs is to implement it in the frequency domain on a carrier resolution. This is illustrated in Fig. 1 with an example of two carriers, where one carrier is reserved for macro-cell operation only, while the other carrier is used by both macro and HeNB users. The carrier reserved for macro-only is often called the escape carrier, as this is a carrier that macro-UEs can always connect to if they start to experience too high interference on the co-channel carrier. Macro-users experiencing marginal exposure from HeNBs can be served also on the co-channel carrier (f2).
[image: image1.emf]
Fig. 1  Example of escape carrier configuration for simple implementation of frequency domain partitioning.
Notice that “escape carrier concept” illustrated in Fig. 1 is feasible already in Rel-8/9, and hence does not require any specification changes to be supported in Rel-10. Promising performance results for this concept have previously been presented in [2]. Also notice that the escape carrier concept is applicable without use of carrier aggregation (CA). But, it could also be combined with CA in Rel-10 so a macro-UE for instance could be scheduled simultaneously on both f1 and f2. In that respect, the concept in Fig. 1 is nicely forward compatible with the other options coming in Rel-10 for CA, including the use of for instance cross-CC scheduling.

Notice that the concept in Fig. 1 also is attractive for operators with multiple bands, as f1 and f2 does not necessarily need to be adjacent carriers.

2.2 Time-domain resource partitioning
An alternative implementation of resource partition is to exploit the time-domain (TDM) as illustrated in Fig. 2. Here the basic principle is to have coordinated use of “almost blank” sub-frames (only CRS is transmitted in “almost blank sub-frames”). In the example in Fig. 2, the HeNB only transmit in certain sub-frames. During the time-periods with almost blank sub-frames from the HeNBs, the macro-users close to the HeNBs shall be served, i.e. when there is no excessive HeNB interference. Thus, this is equivalent to serving macro-UEs close to HeNBs on the escape carrier for the concept in Fig. 1. 
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Fig. 2 Example of TDM eICIC partitioning scheme based on almost blank sub-frames.

Contrary to the frequency domain scheme in Fig. 1, the TDM eICIC scheme in Fig. 2 requires additional specification work to have it supported in Rel-10, and it is our understanding that there are still open issues FFS. The latter have been discussed in several RAN1 contributions – as an example see [4]-[9].
2.3 Interaction with autonomous HeNB power setting

The use of autonomous HeNB power settings (as an example, see [1]) is seen useful for both of the considered resource partitioning schemes as it basically helps reduce the need for resource partitioning. Hence, for the escape carrier concept Fig. 1 it reduces the need for escape bandwidth as compared to co-channel bandwidth. For TDM eICIC, use of HeNB power setting reduces the number of required almost blank sub-frames from the HeNBs. Furthermore, HeNB power setting combined with use of Hybrid or Open Access HeNB have proven useful [3].
Thus, autonomous HeNB power setting is a feature that nicely complements other eICIC schemes, so we recommend to start standardizing such solutions for Rel-10. Some RAN4 work especially on the areas of TS36.104 and TS36.141 is expected.
3. Further discussion of TDM eICIC concept
In the following we further list some of the implications associated with potential standardization and practical use of TDM eICIC.
Aspects related to UE measurements:

· Following have been proposed for Rel-10 UEs:

· To avoid measurement fluctuations and potential false RLF triggering for macro-UEs close to non-allowed CSG HeNBs, it have been proposed to standardize new signalling to inform Rel-10 UEs in which sub-frames they shall measure (including performing RLF). Idea is that macro-UEs close to non-allowed shall only measure in sub-frames where the HeNB-layer is muted.

· This will affect Rel-10 terminal measurement requirements including CSI requirements and tests, and hence would require additional RAN WG4 work. In order to get a solid solution it is important that UE performance aspects are studied and framework for potential new UE requirements are developed before agreeing any details for the signalling as UE requirements do not define any specific UE implementation but instead UE requirements define how UE may and may not perform in different conditions. Thus, developing these conditions and assumptions e.g. on different signalling options are important for the RAN4 work.
· Implications for Rel-8/9 UEs:

· Rel-8/9 UEs served on macro-layer, close to non-allowed CSG HeNB could in worst case trigger ”false” RLF as such monitoring also takes place in sub-frames with active transmissions from the HeNB-layer. This is an undesired effect, and hence should be studied by RAN4 how likely such “false RLF triggering” may happen. To be further investigated if certain optimized settings of RLF parameters could be used to alleviate the problem of potentially false RLF triggering for cases with TDM eICIC.
Common/ control channel interference aspects:
· PBCH/SS: One proposal is to shift one sub-frame between macro eNB and HeNB, combined with muting of data REs from HeNB at places where macro sends PBCH/SS. Have also been proposed to use advanced UE receiver to cancel interference for PBCH decoding [6]. We believe that similar to HSDPA UE receiver requirement enhancements RAN4 could also work on LTE UE receiver enhancements. These enhancements should, however, be generic and suitable baseline receiver for LTE UE receiver enhancements should be agreed by RAN4. Naturally RAN4 also needs to consider other details like timelines for these LTE UE receiver enhancements  As these UE receiver enhancements are future enhancements, it remains to be further investigated how the performance will be for Rel-8/9 legacy UEs..
· Paging channel: Transmitted on sub-frames 0,4,5,9. So HeNB’s will transmit both control channel and data channel in these sub-frames. Macro-UE will experience signals from HeNB paging transmissions as interference. It has been proposed that this could be solved by use of advanced receivers (but this is only possible for Rel-10 UEs) [6]. Also for this case we see that RAN4 should agree generic UE receiver enhancements as this would also help other LTE deployment scenarios rather than be mainly valid for this specific scenario only. Also for the paging channel reception implications on Rel-8/9 legacy UEs’ paging channel performance need to be understood and studied by RAN4.
· For “almost blank sub-frames”, macro-UEs will always experience interference on CRS (from HeNB CRS transmissions), meaning in worst case possible CRS collisions. It is FFS how this influence on the macro-UE performance for those that are close to CSG HeNB (without being a CSG member).
Coordination of almost blank sub-frames:

· For the TDM eICIC concept to work, strict time-synchronization between macro and HeNBs is required. This is currently not a mandatory requirement for FDD macro and HeNBs, but could of course be implemented.
· Macro-eNB will need to know which sub-frames HeNBs are using as almost blank sub-frames, and neighboring HeNBs will have to use almost blank sub-frames in same sub-frames.
· Simplest option would be to have the configuration of almost blank sub-frames being statically configured, e.g. configured from O&M (such a solution would probably not require additional standardization).

· Advanced option would be a distributed semi-dynamic concept, where it is negotiated between network elements (macro and HeNB) which sub-frames HeNBs shall use as almost blank. However, no details for such solutions have been presented, so further analysis is required here, and most likely also requires work in RAN WG3. A clear gain of dynamic negotiation schemes over pre-configured schemes from OAM need to be shown to justify the addition complexity.
Network-2-UE signaling:
· As mentioned earlier in this section, it has been proposed that the network shall signal to the Rel-10 UEs in which sub-frames they should conduct measurements (e.g. CSI and RLF monitoring). However, as RAN4 does not specify UE implementation but UE requirements, it is important that these signaling aspects are defined based on the RAN4 findings of a working concept. We would expect that this requires close collaboration between RAN4 and RAN2. It is also important that RAN3 signaling decisions are well aligned with the RAN2 and RAN4 work in order to ensure working concept. 
TDD-specific issues:

· It should be further studied how the TDM eICIC concept works for TDD. Especially which “coordinated blank sub-frame combinations” are feasible for the different TDD UL/DL configurations, etc..

Influence on the uplink:

· The proposed TDM eICIC of using “almost blank sub-frames” in the downlink will also have influence on the uplink as no uplink scheduling grants can be sent in such sub-frames. Thus, when further studying which patterns of almost blank sub-frames are feasible, also the link with uplink and HARQ operation needs to be considered.

4. Summary and System Aspects
In this contribution we have discussed two equivalent possibilities for implementing resource partitioning between macro and HeNB to avoid interference. The frequency domain implementation with so-called “escape carrier configuration” is supported already in Rel-8/9, and hence does not require any additional standardization effort. The proposed FDM solution requires configuration of multiple carriers.
The TDM eICIC scheme with coordinated use of almost blank sub-frames can be used within one carrier, but requires additional standardization and further clarification of several open issues as defined in section 3. According to previous contributions (see e.g. [4]-[9]), it is our understanding that following enhancements are proposed for Rel-10 UEs to have best possible support for TDM eICIC:

· Advanced receiver decoding of control channels (e.g. broadcast and paging). Here RAN WG4 will need to get involved to have further defined/clarified the level of required enhancements. In our view it would be good if RAN WG4 considered generic enhancements to the LTE UE receiver requirements. These generic receiver enhancements would also benefit other deployment scenarios and problematic situations.
· Network helps  Rel-10 UEs with additional new signaling indicating when the UE can  conduct measurements for CSI and RLF monitoring, etc. For defining such new network-2-UE signaling, close collaboration with RAN WG4 and WG2 will is required. 
As these UE enhancements will apply only for Rel-10 UEs, it raises the question on how the Rel-8/9 legacy UEs will perform in combination with TDM eICIC. As discussed in this contribution, Rel-8/9 legacy UE served by macro, but being close to HeNBs, may in worst case experience false radio link failures, may have problems with control channel performance (no advanced receiver), etc.. As the HetNet eICIC work item states “….ensure backward compatibility for Rel8/9 terminals…..” it is important to have fully clarified how Rel-8/9 legacy UEs will perform (both in terms of data/control performance and RLF) for scenarios with TDM eICIC under realistic conditions (i.e. including the effects also of CRS interference from almost blanked HeNB sub-frames). Especially important to have studied the performance of Rel-8/9 legacy UEs served by macro while being close to HeNB(s), where it is non-CSG member, in order to avoid surprises in a later phase like at the time of deployment. From the past experience we know that it will be difficult in practice to deploy a new feature until related legacy aspects and implications are sufficiently taken into account. 
We present here initial simulation results for co-channel macro and CSG HeNB deployment with the dense urban dual stripe model for the HeNBs. In these initial results we study potential DL SNIR improvements, which different eICIC schemes could provide to macro-UEs in close promixity of interfering HeNBs. The simulation assumptions are provided in the Annex B of the contribution. Simulation results are shown for HeNB deployment ratios of 0, 5 %, 20 %, 50 %, 75 % and 90 %. 80% of macro-UEs are located indoors (R=0.8 in the figures for the results) expect in the reference macro case (0%, R=0). 
From the results of Fig. 3 we can see that as expected average DL SINR gets for macro-UEs gets worse higher the HeNB deployment ratio is. From the Fig. 3 a) and b) we can observe the maximum (ideal) potential of TDM eICIC scheme without power control for HeNBs and with power control for HeNBs. The red (0%, R=0) and green curves (0%, R=0.8) on the right in Fig. 3 a) and b) are DL SINR distributions for macro only deployment and users, thus indicating the best possible DL SINR, which could ideally be achieved during the periods when some TDM eICIC is applied to the HeNB transmissions and simultaneously macro users close to interfering HeNBs are scheduled by macro NB. Naturally aspects like CRS interference from HeNBs will reduce actual DL SINR for macro-UEs with “almost blank sub-frames”. Real DL SINR gain from TDM eICIC scheme would be clearly less than in the ideal case. Also some attention need be paid to HeNB DL SINR impacts due to selected eICIC scheme although the main motivation would be to create channel for macro-UEs close to interfering HeNBs. It is also worth noting that the final throughput figures both for macro and HeNB UEs will be impacted by time-domain pattern used for creating these “windows” for macro-UEs in close proximity of interfering HeNBs.
Already these very initial results, which would still needed to updated with more detailed TDM eICIC concept and assumptions, indicate that the introduction of power control for HeNB already reduces the cases when some “escape mechanism” either in time or frequency domain is needed, confirming the earlier results for HeNB power control presented in [3].  Thus, we suggest that in the future analyses and further solution development for different “escape mechanisms” for macro-UEs HeNB power control is assumed. 
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Fig. 3 Macro-UE average DL SINR CDF for co-channel macro- HeNB deployment without and with HeNB power control, 3a) and 3b) respectively
Fig. 4 shows similar average macro-UE SINR statistics as in Fig. 3 but now with escape carrier (a more comprehensive set of results for such cases are presented also in [2]).  Also HeNB PC is included into these simulations. From these results we can observe that when escape carrier is a possible solution for the operators it practically fully solves the outage problem of macro-UEs especially when combined with HeNB power control. We can also observe that even ideally TDM escape mechanism would have rather little further to improve this case. As escape carrier might not be possible practical deployment options for all operators, further studies on TDM based eICIC escape method would also be beneficial. 
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Fig. 4 Macro-UE average DL SINR CDF comparison for co-channel macro- HeNB deployment  with escape carrier and HeNB power control
In order to ensure that TDM based eICIC schemes will work in practice it is important to thoroughly investigate TDM eICIC method details and performance and requirements implications both for Rel-8/9 legacy UEs as well as ensuring practical concept and requirements for Rel10 UEs. For instance, it should be further studied which patterns of “almost blank sub-frames” for HeNB are feasible to configure, when taking the common/control channel aspects and link with uplink into account (to be studied for both FDD and TDD). For Rel-10, the first step could be to only consider static centralized (say from OAM) configuration of “almost blank” sub-frames for the HeNBs, and thus leaving more dynamic schemes for future releases to have additional time for more elaborate studies.
It is recommended to have the open issues listed in Section 3 clarified in order to have crystallized what is needed in terms of potential standardization, and which RAN WGs needs to get involved. The additional complexity from potentially having TDM eICIC standardized shall be justified by a performance gain over what is possible in existing specifications and available for operator LTE deployments. Further performance evaluation of TDM eICIC is recommended to be done assuming Rel-8/9 legacy terminals to make sure the concept is fully backward compatible even if not all gains are achievable for Rel-8/9 legacy UEs.
The use of simple autonomous HeNB power setting is seen useful, both in combinations with frequency and/or TDM eICIC, so we recommend RAN WG1 to conclude that standardization of such for Rel-10 is promising. Thus, starting to standardize HeNB power setting asap to have enough time to have it completed within the Rel-10 time-frame. For new performance investigations of TDM eICIC, we propose to take cases with autonomous HeNB power settings as the baseline.
5. Proposal
Based on the discussions and analyses of this contribution we propose the following way forward:
1. Identify and agree list of open items for TDM based eICIC scheme for macro-UEs, which RAN4 need to work further

· UE receiver enhancements for Rel-10 UEs and later
· Radio Link Failure detection assumptions and requirements for Rel-10 UEs and later
· CSI measurement assumptions and requirements for Rel-10 UEs and later

· Impacts on other UE measurements?

· Needed signaling support from the RAN4 perspective to help Rel-10 UEs and later

· How to ensure that the concept is backward compatible with Rel-8/9 legacy

2. Identify and agree on eNB-2-UE signaling aspects which require further work in RAN2 and RAN3. Coordinate RAN2 and RAN3 activities with RAN4 work in order to ensure full working concept.

3. Pre-configuration of “almost blank sub-frame” pattern from OAM is taken as the default. More dynamic schemes with negotiation of “almost blank sub-frame” patterns between macro and HeNB layer is FFS.

4. Use autonomous HeNB power settings as the baseline for developing further macro-UE escape mechanisms
5. Prepare work plan including detailed time plan for work item updates to RAN#49 in order to ensure that all relevant RAN WGs are involved with the work and timely and synchronised work progress is ensured. 
· Initial sketch of potential RAN4 work and time plan is provided in the Annex A of this contribution 
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Annex A: Initial RAN4 work plan sketch for studying TMD based eICIC schemes and requirements
RAN4#56, August 2010

· Discussion on eICIC topics, solutions and RAN4 work plan is initiated.

· Identify and agree list of open items for TDM based eICIC scheme for macro-UEs, on which RAN4 need to work further
RAN#49, September 2010

· 
Update eICIC HetNet WID to include RAN4 work and RAN4 work and time pland
RAN4 Ad hoc #4, October 2010
· Agree assumptions for technical RAN4 studies  of TDM eICIC schemes and initial simulation assumptions
· Legacy Impacts: Assumptions for studying how it could be ensured that TDM eICIC is fully backward compatible i.e. the solution works with legacy REL8/9 UEs even if these legacy UEs did not benefit from the future TDM eICIC solutions. 

· New Requirements, expected UE behavior and necessary signaling: Assumptions for studying what kind of new requirements would be needed in order to obtain potential benefits TDM based eICIC scheme could ideally provide.
· Assumptions for UE receiver enhancements studies
· Assumptions for Radio Link Failure detection requirements studies
· Assumptions for CSI measurements and requirements 

· Assumptions for studying what kind of signaling support is needed for UEs supporting TDM based eICIC schemes (RAN4 perspectives)
RAN4#57,  November 2010

· Present initial technical analyses for legacy impacts and new requirements and signaling needs. Inform other WGs about RAN4’s findings.
· Finalise assumptions for the studies and simulations

· Agree baseline receiver assumptions for developing enhanced UE receiver requirements. Agree initial simulation assumptions for developing enhanced UE receiver requirements.
RAN4 Ad hoc #5, January 2011

· Present analyses and simulations for RLF and CSI using the agreed assumptions

· Agree framework for new RLF and CSI requirements

· Present initial simulation results for developing enhanced UE receiver requirements

· Agree how fully backwards compatible TDM eICIC can be ensured

RAN4#58 February 2011

· Agree  new core requirements for Radio Link Failure detection and CSI measurements and measurement reporting 

· Agree framework for enhanced UE receiver requirements in order to complete all the core requirements
Annex B: Simulation Assumptions
Downlink system performance results are generated for macro + CSG HeNB cases, assuming the dense urban dual stripe model for the HeNBs. Both the deployment details and channel models are aligned with [10] with some details highlighted below:

· 1 dual stripe block per macro cell, 6 floors per building (according to TR36.814)

· Used path-loss model according to TR36.814
· MCL :

· 45 dB for femto-UEs

· 72 dB for macro-UEs

· Log-normal shadowing STD:

· 4 dB for LOS

· 8 dB for NLOS

· Deployment ratio : 0, 5 %, 20 %, 50 %, 75 % and 90 %

· 10 macro users per cell

· 80% of macro users located indoors  (R=0.8 in the figures with results), expect in one reference case (R=0) where there is no building at all.
· 1 CSG user per each HeNB

· Maximum HeNB transmit power 20 dBm

· Femto BS antenna gain: 2.2 dBi (including cable losses)

· Maximum macro-eNB transmit power 46 dBm

· MACRO BS antenna gain: 14 dBi (including cable losses)

· CSG enabled i.e. macro users are connected to macro-eNB and CSG users to HeNB located in the same room with the user.

· Pure co-channel deployment: Both macro and HeNBs operate in the same 10 MHz bandwidth

· Static escape carrier case: Two 5 MHz carriers. Macro-eNBs use both carriers, while HeNBs use only second carrier 

· Fast fading enabled

· HeNB PC parametrization (based on algorithm in [1]): 

· Alpha = 1.0

· Beta = 55.0 dB













Ideal DL SNIR potential for TDM eICIC mechanism with HeNB PC
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