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1. Introduction
In the LS [1] from RAN3, information on how to use the ABS pattern for a pico eNB when receiving a new ABS configuration from its neighbouring macro eNB is given. As a common solution so far, 

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. 
However, for TDD mode with configuration 0/6, there will be an incomplete 20/40 ms pattern left every 1024 radio frames. RAN3 asked RAN1 to to give some guidance on this problem. In order to reflect this problem clearly from RAN1 point of view, the detailed effect analysis is given.
2. Discussion
2.1. Illustration of tail problem 
As we all know, SFN is reset to zero every 10240ms. For FDD mode and TDD mode with configuration 1-5, the period of ABS pattern is 40/20ms. In both cases, the timing when SFN= 0 is also the end point of one ABS period. However, for TDD model with configuration 0/6, the period of ABS pattern is 70/60ms, there will be a 20/40ms tail every 1024 radio frames. The Fig.1 gives the illustration of configuration 0:
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Figure 1: Illustration of TDD with configuration 0 and ABS period of 70ms
Whether ABS pattern restart at the very next SFN period or not presents different actual ABS patterns for each radio frame.
2.2. Impact to UL HARQ of Pico edge UE

For UL HARQ process of Pico edge UE, UL grant and PHICH are supposed to be transmitted in low interfered subframes to avoid interference from macro cell, particularly when large CRE is applied. 
An example is given in Fig.2. Pico schedules the edge UE in subframe 10215, and the data is correctly received after 3 transmissions. For the third retransmission PUSCH data, the feedback should be transmitted on subframe 10, which is a normal subframe. Due to the huge interference on subframe 10 as numbered in Fig.2, the PHICH could be decoded to NACK instead of ACK by mistake. Therefore, UE will retransmit in subframe 14, which may collide with other UE’s scheduled UL transmission.
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Figure 2: Impact to UL HARQ process of PUE
Observation 1: If pico edge UE is scheduled in the last 20ms of each SFN period, and HARQ retransmission cannot be completed before the next SFN=0, extra unnecessary HARQ retransmission will occur. 
Observation 2: If extra unnecessary HARQ retransmission occurs, PUSCH collision may occur on the retransmission resource. 
2.3. Impact to UL HARQ of Macro UE

For UL HARQ of macro UE, UL grant and PHICH are supposed to be transmitted in normal subframe, due to transmission absence in ABS.

An example is given in Fig.3. Macro schedules the UE in subframe 10210, and the data is correctly received after 3 transmissions. For the third retransmission PUSCH data, the feedback should be transmitted on subframe 5, which is an ABS. Due to the transmission absence on subframe 5, the PHICH will be decoded to NACK by mistake. Therefore, UE will retransmit in subframe 9, which may collide with other UE’s scheduled UL transmission.
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Figure 3: Impact to UL HARQ process of MUE
Observation 3: If macro UE is scheduled in the last 20ms, and HARQ retransmission cannott be completed before the next SFN=0, extra unnecessary HARQ retransmission will occur.
Observation 4: If extra unnecessary HARQ retransmission occurs, PUSCH collision may occur on the retransmission resource.
2.4. Avoid PUSCH collision

In order to avoid PUSCH collision, pico edge UE and macro UE cannot be scheduled in the resources which will need consequent transmission in the next SFN period. The maximum number of HARQ transmission is 4. Therefore, 30ms resources cannot be scheduled and then be wasted. Considering the possible 4 transmission in physical layer, the maximum transmission delay for air interface will be 70ms. For services with strict delay requirement, it will be intolerable. For example, a VoIP user is in outage (not satisfied) if 98% radio interface tail latency of this user is greater than 50 ms [2]. VoIP users will feel periodic problem per 10240ms in these cases, due to ABS pattern restarted every SFN=0. 
Observation 5: Avoiding transmission on the tail resources will cause bad user experience for services with strict delay requirement, such as VoIP. 
3. Conclusion
In this contribution, the TDD ABS pattern tail issues are analyzed:

· If UE is scheduled on the last tail resources, and HARQ retransmission cannot be completed before the next SFN=0, extra unnecessary HARQ retransmission will occur.
· If extra unnecessary HARQ retransmission occurs, PUSCH collision may occur on the retransmission resource.
· Avoiding transmission on tail resources will cause bad user experience for services with strict delay requirement, such as VoIP.
We suggest:

· The tail issue for TDD mode with configuration 0/6 should be resolved;

· RAN3 can look into if simple and effective solution exists and other solutions from RAN1/2 are not precluded.
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