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1 Introduction

Recently, RAN1 received an LS from RAN3 [1] on the tail issues for TDD mode with configuration 0/6 in eICIC:
	1. Overall Description:

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.

2. Actions:

To TSG RAN WG1 and TSG RAN WG2
ACTION: RAN3 kindly asks RAN1 and RAN2 to give some guidance if the tail issue for TDD mode with configuration 0/6 should be resolved.


In this contribution, we discuss the possible impact of the tail issue in TDD-LTE with configurations 0 and 6 and provide our recommendations.

2 Discussion

At the RAN1#62bis meeting, it was agreed that the ABS pattern period for TDD-LTE UL/DL configurations 0 and 6 are 70ms and 60ms, respectively [2]. This design has taken into account the timeline of TDD HARQ.

According to RAN3, the common mechanism for activating the ABS pattern is to designate the subframe 0 in a radio frame where SFN = 0 as the first position of the ABS pattern. Then, the ABS pattern is continuously repeated in all radio frames, and restarted each time when SFN is reset to 0 [1]. However, this method will result in an ABS tail duration of 20 ms (or 40 ms) during every SFN period in TDD-LTE systems that employ configuration 0 (or 6). There may be two issues in the ABS tail period:
· From the Macro-eNB (MeNB)’s perspective, the ACK/NACK transmissions in PHICH may collide with the ABS;
· From the Pico-eNB (PeNB)’s perspective, it may not be able to find a suitable protected occasion (naming ABS) to transmit the ACK/NACK in DL.

To mitigate the issue of UL resource loss, a natural way is to continuously repeat the ABS in all radio frames and restarted until the next ABS pattern update. The drawback is that a common solution cannot be achieved for both FDD and TDD systems. Moreover, it requires timely synchronization among the MeNB, the PeNB and UE whenever the ABS pattern is restarted. For example, a UE that is signalled with an activated ABS pattern needs to know the start point of the ABS pattern, which is also required for the PeNB that receives the ABS pattern from the MeNB. Consequently, the implementation complexity of the system is increased.
One alternative may be to disable the ABS pattern in the tail period, such that the saved DL resources can then be used to provide more flexibility in MeNB’s UL scheduling. In the case of Fig. 1, for instance, the MeNB may use subframe #5 of SFN=1023 to schedule PUSCH, if ABSs in the tail period are disabled. Nonetheless, by this way the probability of RLF from Pico-UEs may increase because of the lost protection of ABS in the said period. Moreover, additional RAN1 specification efforts are required in order to support the above-mentioned alternative. Therefore, disabling the ABS pattern in the tail period is not recommended.
Fortunately, the network is aware of the ABS tail period issue. Therefore, it can schedule UL resources in a way, such that the collision of the ABS in the next SFN period and the ACK/NACK transmissions is avoided. An example of such collisions is illustrated in Fig. 1, where subframe #3 of the first radio frame in the new SFN period should not be scheduled in order to avoid the transmission of ACK/NACK later in subframe #0, which is an ABS, of the second radio frame (SFN=1). Similarly, the PeNB may also schedule the UL transmission of the UE at the SFN period switching boundary (SFN=1023 in Fig.1), in order to avoid an ACK/NACK in the DL subframe suffering from strong ICI.
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Fig. 1: Example of the ABS pattern mismatch issue due to SFN tail for TDD configuration 6.
Obviously, the above restriction in UL scheduling may result in a reduction of the available UL resource in the ABS tail period. Nonetheless, it is worth to point out that the percentage of the ABS tail period among the entire SFN period is very low. Hence, the impact on the performance due to the restriction of UL scheduling is quite limited (no more than 4/1024=0.4%).

Based on the above analysis, from RAN1’s aspects, we conclude that the ABS tail period issue has negligible negative impact for TDD-LTE employing configurations 0 and 6. Our recommendation is:
Proposal: From RAN1’s aspects, if the ABS pattern is continuously repeated in all radio frames and restarted each time when SFN is reset to 0, the ABS tail period issue has negligible negative impact for TDD-LTE employing configurations 0 and 6. Hence, the ABS tail period issue does not need to be resolved from standardisation perspective.
3 Conclusion

In this contribution, we have discussed the impact of the ABS tail period issue in LTE-TDD with configurations 0 and 6. Our suggestion is:

Proposal: From RAN1’s aspects, if the ABS pattern is continuously repeated in all radio frames and restarted each time when SFN is reset to 0, the ABS tail period issue has negligible negative impact for TDD-LTE employing configurations 0 and 6. Hence, the ABS tail period issue does not need to be resolved from standardisation perspective.
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