3GPP TSG-RAN WG1#63
R1-105951
Jacksonville, FL, USA, 15th - 19th November, 2010
Source:
InterDigital Communications, LLC
Title:
eICIC Macro-Femto: Time-domain muting and ABS
Agenda Item:
6.8.2
Document for:
Discussion and Decision
1. Introduction
In RAN1#62, a WF on non-CA based enhanced ICIC was agreed in [1] for both the Macro-Femto and Macro-Pico scenarios. In RAN1#62bis, a WF on time-domain extensions for the Macro-Pico scenario was agreed [2]. The LS to RAN2-4 in [3] summarized the resulting requirements relevant for R10 X2 and RRC signaling design, and the UE decoding assumptions when operating in presence of ABS subframes.
In this contribution, we discuss details on the need, implementation and anticipated specification impact of time-domain muting techniques for the FDD Macro-Femto case.
2. Introduction
When a Home eNB operates on the same frequency channel as the Macro cells in a network, Macro UE’s in proximity of the Home eNB are at risk from being interfered by the Home eNB DL transmissions.

Solutions to mitigate these DL interference problems can be based on Home eNB power setting schemes, and they can be based on time-domain coordination schemes combined with scheduler restrictions.
Home eNB power setting techniques offer the possibility to mitigate Macro outage, but are not deemed sufficient to completely eliminate DL interference experienced by Macro UE’s in vicinity of a Home eNB. Time-domain based coordination techniques that sacrifice the Home eNB throughput to protect the Macro cell become necessary.

It is an essential requirement for protection of the Macro UE’s that the Macro cell can continue to provide coverage as far as basic connectivity and maintaining of the signaling connection is concerned. This implies the need to prevent RRC connected Macro UE’s from declaring RLF. It also implies the ability to protect the DL control channels (PSS/SSS, PCFICH, PHICH, PDCCH, PBCH, PDSCH carrying SI and PCH) in the Macro cell.

It is only a secondary requirement that Macro coverage is maintained in terms of not substantially degraded throughput numbers to Macro UE’s when operating in vicinity to a Home eNB.

It is possible to either use R8 MBSFN reserved subframes, or the R10 ABS introduced for the Macro-Pico case [2] in order to create low-interference subframes in the Home eNB to protect the Macro cell.

Unlike MBSFN-reserved subframes, an ABS carries CRS even in the data region. Furthermore, if PSS, SSS, PBCH, SIB1 or PCH coincide with an ABS, they are transmitted in the ABS. This includes transmitting the associated PDCCH such as in the case of SIB1 or PCH. If an ABS coincides with an MBSFN subframe not carrying any signal in its data region, then CRS is not present in data region.
We will first discuss first which design requirements for the time-domain muting patterns we see necessary. This is followed by a short discussion on practical system operating aspects to allow Macro and Home eNB’s to make effective use of these time-domain muting patterns when only quasi-static O&M configuration in the Home eNB is possible.
3. Discussion

3.1. Time-domain muting patterns

Very similar to the Macro-Pico case, it is highly desirable that the occurrence of low-interference subframes allow preserving the basic 8 ms HARQ timing relationship for the UL.
Requirement 1:
Support of 8 ms UL HARQ timing relationship.
It becomes clear that similar to the Macro-Pico case, just relying on MBSFN reserved subframes will not be sufficient given their 10 ms periodicity when configured.
The severity of DL interference experienced by the Macro UE will to some extent depend on the amount of DL traffic served by the Home eNB to the CSG users. Nominally, all DL control channels as well as the PDSCH can be affected in the Macro cell.
However, even when there is not much DL traffic served by the Home eNB, R8 CRS will still constitute a major source of interference towards the Macro UE. Coordination of the subcarrier frequency shifts as a function of the Cell ID on symbols carrying CRS cannot generally be assumed for Macro-Femto scenarios.

The likelihood and severity of interference observed on CRS will heavily impact RLF in particular for legacy R8/9 Macro UE’s. In order to reduce interference incurred due to presence of CRS, several approaches are possible,

1. Use a Home eNB transmission mode resulting in the least number of CRS symbols per subframe, i.e. TM 1.

2. Minimize the number of Home eNB subframes containing CRS symbols, i.e. MBSFN reserved subframes.
3. Rely on R10 proprietary receiver processing, i.e. puncturing of heavily interfered RE’s.
While it may be possible to show that R10 UE receiver design using puncturing of heavily interfered RE’s is an efficient approach, it will still not solve the problem of legacy R8/9 equipment present in the network.

Similarly, restricting the Home eNB to use antenna port 0 for CRS transmissions cannot be a preferred approach. While coverage considerations don’t play a significant role for the Home eNB, this would either result in an artificial restriction with respect to the use of Transmission Modes 2, 3, 4, 6 with legacy UE’s, or it will result in a design change for R10 handsets using a legacy R8/9 transmission mode, or it would result in the mandatory support of R10 transmission modes for operation with Home eNB’s.
In consequence, maximizing the use of MBSFN reserved subframes to create low interference subframes in the Home eNB is recommended.

Requirement 2:
Maximize use of MBSFN reserved subframes in the Home eNB to create low-interference subframes towards the Macro cell.

It is also clear that Requirement 1 and 2 cannot be simultaneously realized, i.e. it is not possible to support 8 ms HARQ timing relationships by exclusively relying on the MBSFN-reserved subframes. Practical time-domain muting patterns will need to use both MBSFN reserved subframes and ABS, depending on the desired pattern density.
For support of time-domain interference coordination on PSS/SSS and PBCH, deliberately introduced subframe offsets between Home eNB and Macro cell are effective similar to the Macro-Pico case. In consequence, the Home eNB cannot schedule any data in the center 6 RB’s that align with subframes #0 and #5 of the Macro cell.
Requirement 3:
Time-domain ICIC for PSS, SSS and PBCH supported through subframe offsets and the Home eNB not scheduling data in the center 6 RB’s on subframes #0 and #5 of the Macro cell.

In order to support time-domain interference coordination for SIB1 and the PCH on the Macro cell, the PDCCH must be available, which can only be done when the subframe in the Macro cell corresponds to a low interference subframe of the Home eNB. SIB1 is sent on subframe #5 of all frames SFN mod 2 = 0. Paging occasions will occur in either subframe #9, #5/9, or #0/4/5/9. Ideally, the time-domain pattern will allow the use of all 4 paging subframes in the Macro cell when configured, but we deem paging occasions configured in subframe #5/9 as a minimum case to protect.
Requirement 4:
Time-domain ICIC for SIB1 and PCH in the Macro cell through alignment with low interference subframes of the Home eNB.

Similarly, for legacy support, SIB1 and PCH in the Home eNB will require normal subframes due to the required availability of the PDCCH. This will force subframe #5 in even frames of the Home eNB to be a normal subframe for decoding of SIB1. On the other hand, significantly fewer constraints exist when configuring the PCH in the Femto cell. Given that the paging load for the Home eNB is much lower due to the fewer CSG subscribers, nominal support (“normal subframe”) for PCH is required in subframe #9 only.
Requirement 5:
SIB1 and PCH in the Home eNB REQUIRE normal subframes in subframes #9 of all frames, and in subframe #5 of all frames SFN mod 2 =0.

The resulting allocation constraints with respect to time-domain muting patterns that can be configured for the Macro-Femto case are summarized in Figure 1.
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Figure 1: Summary of allocation constraints for Macro-Femto when using subframe offsets

It can be observed that 3 out of 10 Macro subframes can never be made fully interference-free, i.e. Macro UE’s will be subject to interference from transmissions in Home eNB subframes #0, 5, 9.
Similarly, it is necessary to employ two low-interference subframes per frame in the Home eNB at least in subframe #2, 6 every frame in order to protect subframe #5, 9 of the Macro cell containing the SSS and PCH (and in every other frame also SIB1). In the specific case of subframe offsets 2 or 3, both subframes are MBSFN configurable subframes in the Home eNB. Note that in addition the center 6 RB’s of subframe #7 in the Home eNB cannot be used for scheduling in order to protect PSS and PBCH in subframe #0 of the Macro cell.

We therefore deem that a minimum pattern density of 20% is a required in the Home eNB to equally protect all Macro DL control channels.

We also observe that a given time-domain muting pattern is intrinsically linked to a given subframe offset between the Home eNB and the Macro cell.

Additional muting pattern densities are necessary to further reduce the amount of CRS interference created by the Home eNB. The primary purpose of these additional patterns is to protect legacy R8/9 Macro UE’s which can nominally perform RLM measurements in any Macro subframe. It is assumed that R10 UE’s will be RRC configured to monitor only a restricted set of subframes for the purpose of RLM and RRM measurements.
We suggest that further selection of the limited set of time-domain muting patterns for the Macro-Femto case is left for evaluation by RAN4, similar to the Macro-Pico case.
3.2. Home eNB operation when using time-domain muting and considerations on ANR
Due to the absence of backhaul coordination and X2 in the Macro-Femto case, any time-domain muting pattern can only be configured in the Home eNB through quasi-static and very infrequent O&M similar to the operating channel and transmit power settings during the Home eNB provisioning procedure.
In practice, it is undesirable that Home eNB changes or adjusts the time-domain muting pattern autonomously. Whereas in the Macro-Pico case, Macro cell and Pico cell have the possibility to exchange information for ABS Set 1 and the restricted Set 2 at least on a semi-static basis, no such signaling path exists for the Home eNB.

If autonomy is given to the Home eNB to adjust the applied time-domain muting pattern even on a semi-static basis, for example order of minutes as a function of changing traffic needs or order of hours as a function of the time of day, the risk is that the performance of the Macro layer in the network is affected in an un-predictable and un-controllable manner.
Proposal 4:
No Home eNB autonomous adjustment of time-domain muting patterns, i.e. time-domain muting patterns to be employed by a Home eNB can only be re-configured through O&M.
Another practical consideration relates to ANR functionality in the Macro layer of the network. ANR in LTE allows automatic neighbor discovery, eNB controlled reporting by the UE and automated maintenance of neighbor relations in then access network.   The ANR procedures introduced a “report CGI” functionality to request the UE to acquire the System Information of neighboring cells (e.g. a list of PCIs) and to allow a UE to tune out from its serving cell in order to perform these measurements.  Once the System Information is acquired the UE reports back to the network the Global Cell Identity and the PLMN of the request PCI. 

ANR can also automatically set up of the LTE unique X2 interface between eNB, primarily used for handover. Unfortunately, the full set of ANR functionality is not available for Home eNB’s, due to the absence of X2, and a different PCI allocation and usage strategies.  However, the functionality associated with requesting the UE to acquire and report the system information was extended in R9 to allow for inbound CSG mobility in connected mode.  
UE’s store a white list which includes the CSG IDs of the Home eNB’s they are authorized to access.

CSG mobility in Idle Mode has been standardized in R8. CSG mobility in Connected Mode has been standardized in R9. While outbound mobility, i.e. HO from a CSG cell to a macro cell, can be performed by applying standard macro cells mobility procedures, new R9 procedures for the inbound mobility, i.e. HO from a Macro cell to a CSG cell, have been defined. R9 introduced the Proximity Indication and Network-ordered SI reporting.

Network-ordered SI reporting is an extension of the “reportCGI” functionality to support inbound mobility to CSG cells in R9. The ANR “reportCGI” functionality was extended such that in addition to the CGI and PLMN, the UE is also requested to acquire the CSG identity of the cell. Upon acquisition of the CSG ID the UE determines whether it is a member or not and reports the CSG ID along with its membership status to the network, thus enabling a potential handover if the UE is a member of the CSG.
Given, that the UE as part of CSG mobility may be requested to read the system information of the Femto cell, one question is whether the knowledge which time-domain muting patterns are currently employed by a given Home eNB can be made available to the Macro network by simply exploiting the already existing R9 protocol for inbound mobility procedures with CSG UE’s.

We suggest extending this existing R9 signaling procedure to include information about the time-domain muting patterns in use by a Home eNB in order to facilitate ANR and scheduler operation in the Macro layer of the network.
This could be achieved by including additional pattern information in the SIB1 broadcast by the Home eNB, which would be piggybacked in the measurement report already containing the higher layer identity of the cell. For example, this could include pattern indices of the time-domain low interference subframes, usage of MBSFN reserved subframe in the Home eNB, observed SFN or subframe offsets when compared to the Macro cell.
Proposal 5:
Extend existing R9 CSG inbound mobility procedures to allow the Macro layer of the network to obtain information about configured time-domain muting patterns of Femto cells.
4. Conclusion
In this contribution, we discuss details on the need, implementation and anticipated specification impact of time-domain muting techniques for the FDD Macro-Femto case.

In summary, we propose:

Proposal 1:
Home eNB’s (CSG) employ a limited set of muting patterns comprised of ABS subframes maximizing the re-use of available R8 MBSFN reserved subframes. Any given muting pattern is linked to subframe offset. The minimum density of the time-domain muting pattern employed by the Home eNB is 20%.

Proposal 2:
Time-domain ICIC for PSS, SSS and PBCH supported through subframe offsets and the Home eNB not scheduling data in the center 6 RB’s on subframes #0 and #5 of the Macro cell.

Proposal 3:
RAN4 to determine a limited set of admissible time-domain muting patterns for the Macro-Femto case similar to the Macro-Pico case based on appropriate RLM performance requirements.

Proposal 4:
No Home eNB autonomous adjustment of time-domain muting patterns, i.e. time-domain muting patterns to be employed by a Home eNB can only be re-configured through O&M.

Proposal 5:
Extend existing R9 Home eNB inbound mobility procedures to allow the Macro layer of the network to obtain information about configured time-domain muting patterns of Home eNB’s.
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