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1 Introduction

Section 8.3.3 of 3GPP TS 36.133 specifies that when measCycleSCell is larger than or equal to 640 ms, interruption duration due to the SCell activation/deactivation status change shall not exceed 5 ms within the activation/deactivation procedure. This requirement implies that the allowed PCell interrupt duration should be up to 5 ms.
In RAN2#81bis, RAN2 agreed to confirm that the UE has to send HARQ feedback for MAC CE (for SCell activation command). It implies that sending HARQ ACK for the SCell activation command must not be impacted by the PCell interruption.

In RAN2#82, the RAN4 LS on UE SCell activation delay in CA (R2-131557) informed RAN2 the further requirement that BS can assume PCell will not be impacted (no interruption) after N+9 (N is the subframe when the SCell activation command is received by the UE).

In FDD, the RAN4 requirements and the RAN2 agreement match well in a way that when the UE receives the SCell activation command in subframe N, it sends HARQ ACK in subframe N+4 and PCell interruption can occur between N+5 and N+9.

However, those may not match in some TDD cases depending on timing of HARQ feedback in TDD.

In this contribution, we address this issue.

2 Discussion
The timeline for SCell activation in FDD is shown in figure 1.
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Figure 1. Timeline for SCell activation in FDD
In FDD, timing of HARQ feedback is fixed. I.e., there is always a 4ms time difference between the PDSCH and HARQ feedback. It implies that after sending HARQ ACK, the UE always has 5 ms time slot for PCell interruption before a subframe where PCell interruption should not appear by the requirement specified in TS 36.133. In figure 1, the time slot is the time between subfrane 5 and subframe 9. If the PCell interruption occurs during the time slot, the RAN4 requirements and the RAN2 agreement match, i.e., the UE can send HARQ ACK in subframe 4 and the PCell interruption disappears from subframe 10.

In TDD, timing of HARQ feedback is not fixed. It depends on UL/DL configurations and a subframe number where the PDSCH is received. According to TS 36.213, there are from 4 to 13 ms time differences between the PDSCH and HARQ feedback.

In case of 4 ms time difference, the timeline for SCell activation is the same as in FDD. Therefore, in this case, the RAN4 requirements and the RAN2 agreement also match.

In case of 5 ms time difference, if the UE has to send HARQ ACK for the SCell activation command according to the RAN2 agreement, it does not have 5ms time slot for PCell interruption according to the RAN4 requirements. Figure 2 shows an example. When the UE receives the SCell activation command in subframe 0, the UE requires about 1ms PDSCH decoding delay prior to processing SCell activation. It implies that the UE would be able to start RF retuning causing PCell interruption from subframe 2. However, if the UE starts RF returning in subframe 2, PCell interruption can occur until subframe 6. It means that the UE may not send HARQ ACK in subframe 5. Therefore, the RF retuning should not be started before HARQ ACK is sent. If the UE starts RF returning in subframe 6 after HARQ ACK is sent, PCell interruption occurs until subframe 10 which is not allowed by the RAN4 requirements. Therefore, in this case, the RAN4 requirements and RAN2 agreement don’t match.
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Figure 2. Timeline for SCell activation in TDD (5 ms time different between PDSCH and HARQ ACK)
In case of 6 ms time difference, if the UE has to send HARQ ACK in subframe 6, it has only 4 ms and 3 ms time slots before and after a subframe where HARQ ACK is sent. It means that the RAN4 requirements are not met.
In case of 7 ms and longer time differences, because the UE has 5ms time slot for the PCell interruption before subframes where HARQ ACK is sent, the RAN4 requirements and the RAN2 agreement match.

From the above, it is observed that in TDD cases where time differences between the PDSCH and HARQ feedback are 5 ms or 6 ms, the RAN4 requirements and the RAN2 agreement may not be all met, i.e., the UE may not send HARQ feedback or the PCell interruption may occur in not allowed subframes.

Observation: in some TDD cases, the RAN4 requirements and the RAN2 agreement may not match, resulting in that the PCell interruption may occur in not allowed subframes or the UE may not send HARQ feedback for the SCell activation.
To solve this discrepancy between the RAN4 requirements and the RAN2 agreement, possible options are listed below.
Option 1: the eNB is restricted to schedule the SCell activation command resulting in 5 and 6 ms time differences between the PDSCH and the HARQ feedback. For example, in UL-DL configuration 3, the eNB does not send the SCell activation command in subframe n-5 or 6 (n=subframe number 2, 3 or 4). However, because 5 and 6 ms time differences exist in all UL-DL configurations, this option may impact the eNB scheduling flexibility. For example, in UL-DL configuration 3, the SCell activation command is restricted to be scheduled in 4 DL subframes out of 7 DL subframes.

Option 2: the UE is allowed not to send HARQ feedback in some TDD cases. In this case, the RAN4 requirements can be kept while the RAN2 agreement needs to be somehow reverted. It means that the eNB may not receive the HARQ ACK for the SCell activation command and therefore de-synchronization of the SCell’s status between the UE and the eNB may occur.
Option 3: the RAN4 requirements are relaxed to cover all cases. That is, the PCell interruption is allowed to occur up to subframe n+11 (subframe n is a subframe where the SCell activation command is received by the UE). However, this option impacts the scheduling efficiency in FDD cases and in other TDD cases because the eNB may not schedule in subframe n+10 and n+11 even in those cases.
Option 4: the RAN4 requirements allow the exception in some TDD cases. For example, the RAN4 requirements can be modified such that in TDD, the PCell interruption may occur until subframe n+10 or n+11 if the SCell activation is received in subframe n and the HARQ ACK is sent in subframe n+5 or n+6.
Among options listed above, we think that option 3 and option 4 which need to change the RAN4 requirements may not be desirable because RAN4 has intensively discussed and concluded them. So, option 1 and option 2 seem to be valid options at this phase. Between option 1 and option 2, we think that there is no big difference because the eNB is likely to schedule to make the UE provide the HARQ ACK for SCell activation command. So, we don’t have strong option between the two.

Proposal : It is proposed to take one of followings
· Option 1: the eNB is restricted to schedule the SCell activation command resulting in 5 and 6 ms time differences between the PDSCH and the HARQ feedback in TDD.
· Option 2: the UE is allowed not to send HARQ ACK for the SCell activation command resulting in 5 and 6 ms time differences between the PDSCH and the HARQ feedback in TDD.

If option 1 is taken, we think that it would be good to specify the above eNB restriction to simply the UE implementation. Therefore, we would propose to send a LS to RAN4 so that such eNB restriction is specified in RAN4 specifications. Draft LS is provided in [x].
If option 2 is taken, we think that it would be beneficial to add a note mentioning such optional UE behaviors for the TDD cases in MAC specification. Draft CR is provided in [y,z].

3 Conclusions

This document discussed the TDD cases whether the RAN4 requirements and RAN2 agreement on PCell interruption may not match. So, the following is observed.
Observation: in some TDD cases, the RAN4 requirements and the RAN2 agreement may not match, resulting in that the PCell interruption may occur in not allowed subframes or the UE may not send HARQ feedback for the SCell activation.
From the observation, it is proposed:
Proposal : It is proposed to take one of followings

· Option 1: the eNB is restricted to schedule the SCell activation command resulting in 5 and 6 ms time differences between the PDSCH and the HARQ feedback in TDD.
· Option 2: the UE is allowed not to send HARQ ACK for the SCell activation command resulting in 5 and 6 ms time differences between the PDSCH and the HARQ feedback in TDD.
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