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1. Introduction

In this contribution we further discuss some of the remaining aspects in connection to the time-domain eICIC mechanisms decided in RAN1-62bis [1]. This contribution is a continuation of the material presented in [2].

In [1], it was decided that a bitmap pattern should be used to indicate the time-wise positions of the almost blank subframes (ABS), such that it is possible to introduce eICIC. The patterns will be of 40 ms periodicity for FDD, and ranging from 20 over 60 to 70 ms for different TDD configurations. The bitmap structure will contain two bitmaps – one for defining which subframes are to contain ABS. The muting pattern was decided to be fully flexible, i.e. expressed with a 40-bit word for FDD cases. In addition, a second muting pattern is defined, which will be a subset of the first ABS muting pattern. The second muting pattern is used for restricting RLM/RRM and CQI measurements for a sub-set of Rel-10 UEs. Thus, the network should be able to send the second muting pattern to active mode Rel-10 UEs through dedicated signalling (RRC), and thereby limit the UE measurements to take place within these subframes only. As the second pattern will have to be signalled from network-2-UE, and imposes restrictions on UE measurements (i.e. calling for corresponding test case / requirement specifications), it is desirable to limit the set of possible allowed configurations for the second muting pattern.
At RAN1#62bis there was also good progress on the definition of ABS as summarized here [1]:

· All ABSs carry CRS

· If PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an ABS, they are transmitted in the ABS (with associated PDCCH when the SIB1/Paging is transmitted)

· Needed for legacy support

· CSI-RS transmission on ABS is FFS

· No other signals are transmitted in ABSs

· If ABS coincides with MBSFN subframe not carrying any signal in data region, CRS is not present in data region 

· MBSFN subframe carrying signal in data region shall not be configured as ABS

In this contribution we will discuss, and propose, a limited set of allowed second muting patterns that can be used for imposing measurement restrictions of RLM/RRM. The latter was agreed at RAN1#62bis to be the task of RAN4 [1]:

· Limited set of patterns to be considered for RAN 4 performance requirements

· RAN4 should determine the patterns and the appropriate corresponding performance requirements

As mentioned in [2], the strict time synchronicity between cells to avoid UL/DL interference will cause very limited offset possibilities and introduce challenges to find good muting patterns that can be applied to TDD in a way that will ensure proper performance for both macro connected UEs as well as HeNB connected UEs in the macro-HeNB case, and the same applies to the Macro cell to Pico cell case.

Since UE performance requirements should only be defined for certain specific second muting patterns, our understanding is that UE performance must then be undefined for other cases. Therefore we should only consider the patterns which make sense considering practical deployment aspects of eICIC and its interaction with other channels which need to be transmitted by the eNB/HeNB. This is considered in more detail in the subsequent sections.
2. Time-domain multiplexed eICIC muting patterns

As already discussed in [2], we are of the opinion that the so-called second muting patterns should be derived from the needed channels in the system (this is also to have restrictions on the patterns that can be applied). The latter is important since the second muting pattern should be a sub-set of the first muting pattern according to decisions from RAN1#62bis[1]. The channels that we see important for protection of core performance of the system are:
· Primary and secondary synchronization channels (PSS/SSS): Transmitted in subframes 0 and 5 (for FDD)
· Physical Broadcast channel (PBCH): Transmitted in subframe 0
· System Information type-1 messages (SI-1): Transmitted in subframe 5 in even numbered frames
· Paging channels (PCH): Transmitted in subframes 0, 4, 5, and 9
· PDCCH (along with PCFICH and PHICH). These channels are located in the same time/frequency region and would experience no restrictions on which might be muted from UE decoding point of view.
· PDSCH: No restrictions on muting from DL point of view. UL HARQ will potentially need 8 ms pattern.
The decision on the periodicity mentioned in [1] allows for muting patterns that will provide sufficient flexibility in terms of protecting all important channels to ensure proper system performance. As a starting point, we are of the opinion that the amount of information available to the UE should be maximised. Hence, in case of Macro-Pico eICIC, the Pico-connected UE should be informed by the Pico cell which subframes are being muted from the Macro point of view. In this case, the UE should have the possibility  to use all subframes that are subject to Macro muting for its RLM/RRM measurements so that it is possible for UE implementations to achieve high accuracy.
Proposal 1: The second muting pattern for setting UE RLM/RRM should in principle have as much subframes as possible available for the measurements.
In the following, we will shortly present the approach suggested in [2] for defining the muting patterns that could be signaled to the UE.
Time-domain eICIC muting approach

As outlined in [2], we propose the following five different second muting patterns, which are shortly described below and illustrated in Figure 1:

· Muting pattern 0: Based on muting only CSG HeNB subframes that collide with MeNB transmission of PBCH. Even that PBCH transmission is only occurring in a subset of the subframe, we assume that the full subframe is muted using almost blank subframe. This muting pattern will provide very limited protection of the MUE performance, but at the same time the CSG HeNB offloading capability is only reduced by 10%.

· Muting pattern 1: A pattern, which is based on combination of patterns for PSS/SSS on top of PBCH as well as SI-1 (as they follow the patten of the PSS/SSS). This pattern offer more protection in terms of initial synchronization, while the CSG HeNB offloading capability is reduced by 20%.  The periodicity of this pattern is 5 subframes.

· Muting pattern 2: Combination of muting pattern 1 with the scheduling pattern for a single UL HARQ process (process starting at subframe 0). This pattern will provide increased protection of MUEs close to CSG HeNB, as the protection of a single HARQ process will ensure maintenance of low UL HARQ RTT. This pattern reduces the offloading capability by 30%. Due to the different periodicities of PSS and UL HARQ processes, the periodicity of this pattern is 40 subframes.

· Muting pattern 3: Combination of muting pattern 2 and including muting of MeNB subframes that carry paging channel (PCH). This will ensure that idle mode MUEs that are close to CSG HeNB will accept incoming traffic, but at the same time reduce the CSG HeNB offloading capability by nearly 50% (47.5%). 
· Muting pattern 4: Further building on top of muting pattern 3, an additional UL HARQ process is added (process starting at subframe 4) to increase the MUE potential UL traffic when in proximity of the CSG HeNB (doubling the MUE UL capacity). The CSG HeNB offloading capability for this setup is reduced to 45%, which is quite extensive. As for muting patterns 2 and 3, this pattern introduces a 40 subframe periodicity.
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Figure 1. Examples of muting patterns to provide different levels of MUE protection.

As described, these patterns will provide different levels of protection of control channels and thereby different levels of system performance. In case such simple patterns are used, it is relative simple to define a signalling mechanism to carry this information as well as define requirements for these patterns.
UL HARQ operation

As also outlined in [2], the proposed patterns (2, 3, and 4) will protect the UL HARQ (for one or two UL HARQ channels), so mechanisms for ensuring complete system performance are in place. Hence patterns 2, 3 and 4 may be of more practical value as well as offering more measurement opportunity from a UE perspective.
Subframe shifting to ensure CSG HeNB operation
As also outlined in [2], only a limited set of shifting patterns will ensure that both layers will be able to co-exist with near-full performance. From a network implementation point of view, this shifting of the starting point of the radio frames should be left to product implementation, but UE still needs be aware of the relative shift of the muting pattern (relative to the subframe timing of the node that the UE is connected to).

3. Impact of muting on UE measurement performance
Assuming that the proposed set of five possible second muting patterns is a reasonable starting point, the next step would be to further analyze the achievable RLM, RRM and cell detection performance. This includes measurement accuracy (for example, RSRQ accuracy is also something to be studied: If RSRQ measurements are done during muted subframes, the measurements are not directly valid for non-muted subframes) and UE power consumption analysis (for example, effects of DRX and restricted measurements) in release 10 terminals. Note that there are some similarities to earlier studies regarding PRS positioning accuracy (since positioning also utilises muting patterns; For example, inter-frequency measurements may be impacted even more than intra-frequency measurements) and to the discussions currently ongoing in RAN4 about carrier aggregation and power imbalance effects.
According to RAN4 way forward, both idle and RRC connected states should be considered. To prioritise the work, we propose to first analyse the patterns with lowest amount of measurement opportunities and potentially remove these if problems are identified. An example of such a problem would be if release 8/9 measurement accuracy cannot be matched with a similar measurement period. In particular, it should be noticed that the two most conservative muting patterns only allows the UE to conduct RLM/RRM measurements on 10% and 20% of the available subframes. For inter-frequency/inter-RAT measurements there are also further restrictions coming from the configured measurement gap/compressed mode pattern, as well as possible receiver effects due to need to synchronise quickly to another frequency. The analysis on measurement performance would need to especially consider the accuracy when missing parts of the subframes, and also whether an extended measurement period would be needed to compensate for the missing subframes. 
4. Discussion and Concluding Remarks
According to decisions at RAN1#62bis, there are two muting patterns defined for TDM eICIC operation in both macro+HeNB and macro+pico cases. The first muting pattern is fully flexible, and expresses the use of muting (ABS) at the network nodes (i.e. either on HeNBs or on macro-eNBs). The so-called second muting pattern shall be a sub-set of the first muting pattern, and this muting pattern is used to impose measurement restrictions for a sub-set of Rel-10 UEs. In this contribution we have proposed to initially limit the set of allowed second muting patterns to five specific options for the FDD cases. Next step would be to further investigate how those five possible second muting patterns influence on UE freedom and accuracy for conducting the required RLM/RRM measurements. Especially the proposed options 0 and 1 for the second muting pattern may be too restrictive, and it should thus be analyzed in more details whether such heavy reduction of measurement possibilities are at all feasible before drawing final conclusions. Based on this final conclusion, RAN4 would specify performance requirements for these patterns in TS36.133 and UE performance for different second muting patterns would not need to be defined, since other patterns would not offer the same MUE protection, and as such look unattractive for practical deployments.

Once RAN4 has completed its analysis on the set of second muting patterns for which the performance requirements should be defined, RAN2 should be informed. This would allow RAN2 to consider possible optimization of the second muting pattern signalling (pattern and potential offset) based on the restricted possibilities for which RAN4 performance requirements have been defined.
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