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1. Introduction

In a LS from RAN3 [1], the question of a potential tail problem for TDD configurations 0 and 6 is raised, and RAN1 and RAN2 are asked to provide input to this potential problem. This contribution presents a short analysis of the situation, followed by a recommendation for response to RAN3.

2. The tail problem in short
The LS states:

During RAN3#70 meeting, RAN3 discussed how to use the ABS pattern for a pico eNB when receiving a new ABS configuration from its neighbouring macro eNB. The common solution for both TDD and FDD is as following:

The first position of the ABS pattern corresponds to subframe 0 in a radio frame where SFN = 0. The ABS pattern is continuously repeated in all radio frames, and restarted each time SFN = 0. 
For FDD mode and TDD mode with configuration 1-5, the time SFN equal 0 can always be the end point of one ABS period. However, for TDD mode with configuration 0/6, there will be a 20/40 ms tail every 1024 radio frames.
To handle the tail issue, a proposal discussed in RAN3 is that the ABS pattern is continuously repeated in all radio frames and restarted until the next ABS pattern update, but there is no agreement.

Essentially, this means that two of the TDD mode configurations will have a problem approximately every 10 second. In case there is no clarification of the behaviour for these wrap-around cases of SFN, there will potentially be uncertainty of the applied muting patterns, which in turn will potentially cause erroneous measurement reports from UEs.
The main reason for defining the muting patterns with different periodicities (20 ms for TDD configurations 1-5, 70 ms for TDD configuration 0 and 60 ms for TDD configuration 6) was to ensure that one pattern would cover a full set of UL HARQ processes (to avoid tail-problems for the UL HARQ processes when applying the muting patterns from a network perspective). This in turn means that there may potentially be a tail problem for UL HARQ processes in case the muting pattern is reset/restarted every time the SFN=0, as one UL HARQ process for a pico connected UE might switch from a state of being protected by a macro ABS pattern to not having protection (and cause this UL HARQ process to have trouble completing).
3. Possible solutions to the problem
As we see it, two possible solutions to this muting pattern tail problem exist:

Introduction of higher level definition of time – meaning that additional timers are needed on top of SFN.

By introducing a higher level definition of the timing – that is, the UE is informed of the “phase” of the muting pattern, as also suggested in [2], it is ensured that the UE even for the special cases of TDD configurations will know the exact timing of the muting pattern. However, from a network level (between network nodes), it is also needed to that for instance macro and pico nodes have coordination to ensure the correct behavior of the muting patterns. Hence, in case this phase adjustment is introduced, it is also essential that there is an option to coordinate the timing between nodes, and RAN3 signaling for informing muting patterns between nodes should be expanded to also include phase and timing offsets.
Forced ABS pattern reset at SFN=0

Maintaining a forced ABS pattern reset at SFN=0 will mainly cause a disruption/modification of which UL HARQ processes are under protection by macro muting. This in effect means that the impacted UEs will have to be scheduled at different time instants to ensure the proper performance. The UEs that will be impacted by this are limited to UEs and networks at the following conditions:
· Network operating in either TDD configuration 0 or 6.

· Pico connected UE in range extension area OR macro UE in macro-pico scenario
.

· UL HARQ process scheduled just before SFN=0 AND UL transmission fails.

Under the assumption that network nodes have a common understanding of timing of other network nodes (either through global timing or through network listen mode), each node would be aware of the timing instants where there is a potential disruption of the UL HARQ processes due to the tail problem of the muting patterns, the scheduler for uplink traffic should be able to handle this condition and mitigate the problem.
Table 1: Rel-8/9 TDD UL-DL configurations 0 and 6
	Uplink-downlink 

Configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


For example, TDD UL/DL configuration 0 (1DL/3UL), two downlink subframes in one frame are subframe 0 and 5. If these subframes are configured as ABS, there are PBCH/SS/paging transmitted, which will cause much interference to interfered cell. Also for this UL/DL configuration, one DL subframe feedback two subframe UL HARQ, if configured as ABS, related two UL will be wasted. So we don’t see it’s reasonable to using this UL/DL configuration for EICIC purpose.
For TDD UL/DL configuration 6, there is 40ms left before new ABS pattern is configured. If new pattern start at SFN=0, only the last 3 UL HARQs in last frame (SFN=1023) will potentially be impacted, i.e. no interfering cell UE UL feedback can be received if the related DL sbuframes (subframe 0,1,5 in SFN=0) are configured as ABS in new ABS pattern; or cause victim cell UE UL HARQ retransmission for subframe 0,1,5 in SFN=0 are configured to normal subframe from ABS in interfering cell in new ABS pattern. Considering transition point (subframe 1) will not be configured as ABS, only two UL HARQ instants will probably be impacted. Furthermore if subframe 0 and 5 are not configured as ABS, there is no UL HARQ impact.Hence, we propose the following:

Proposal 1: When SFN=0, the ABS pattern should be reset to the configured pattern.

4. Conclusion
Based on the discussions above, we find this ABS tail problem to be a minor problem that can and should be handled in the eNB scheduling algorithm rather than introducing additional complexity in UE and network signaling.

Proposal 1: When SFN=0, the ABS pattern should be reset to the configured pattern.
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� Correspondingly, for the CSG HeNB case, the affected Ues will be fulfilling “all CSG HeNB connected UEs OR Macro UE in coverage area of CSG HeNB”.





