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1 Introduction

UEs with only one RF chain may need to retune their receiver when activating and deactivating an SCell. While this happens the UE cannot receive or transmit on PCell or other activated SCells, this is what is known as “the glitch”. This can also happen at SCell addition and release, and for this reason RAN2 agreed on allowing 20 ms for RRC processing delay for these operations.
In this paper we further develop our ideas presented in [1]. We note that the glitch impacts not only reception of PDSCH and PDCCH, but also PHICH thus affecting HARQ feedback. We propose that the UE assumes HARQ feedback to be ACK in case the HARQ feedback cannot be received due to an SCell activation or deactivation.
2 Discussion
A UE receives HARQ feedback on a PUSCH transmission 4 ms after the PUSCH transmission occurred. Given that the glitch is 5 ms [2] we define three cases of interest depending on when the glitch occurs, compared to PUSCH and PHICH transmissions.
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Figure 1 – Three different cases of the serving cell glitch affecting HARQ feedback.
2.1 Case 1 – Glitch covers PUSCH transmission only
In this case only the UL transmission is covered by the serving cell glitch. This means the HARQ feedback is received as usual. Hence, the UE should act according to the HARQ feedback according to existing specifications.
Observation 1 If only the PUSCH transmission is covered by the glitch, the UE can receive the HARQ feedback and shall act accordingly.

2.2 Case 2 – Glitch covers PUSCH and PHICH transmissions

In this case both UL transmission and HARQ feedback is covered by the glitch. This means that the HARQ feedback will not be received in the UE. We further think that current specifications are ambiguous on this matter and some clarification can be useful.
Observation 2 If both PUSCH and PHICH transmissions are covered by the serving cell glitch, current specifications are not entirely clear regarding what the UE shall do.

2.3 Case 3 – Glitch covers PHICH transmission only

In this case the PHICH transmission is covered by the glitch. This means that the HARQ feedback will not be received by the UE. Similar to case 2, in this case current specifications are ambiguous.
Observation 3 If only the PHICH transmission is covered by the serving cell glitch, current specifications are not entirely clear regarding what the UE shall do.

2.4 Analysis

It is of importance to establish how often this situation occurs. The interruption on the serving cell is the result of a retuning of the RF which in turn can be performed at SCell addition, SCell activation, or at any time in between. In a configuration where activation/deactivation may happen frequently (to save power in the UE), retuning will also happen frequently. It also important to note that there is no feedback from the UE that RF retuning has been performed. This means that a conservative eNB must assume that a serving cell interruption can happen at 

1) any time from SCell addition until some time after SCell activation, and at
2) any time from SCell deactivation until some time after SCell activation.

Observation 4 The eNB must assume that a serving cell interruption can happen at any time from SCell addition until some time after SCell activation, and at any time from SCell deactivation until some time after SCell activation.

From our three cases above it can be noted that what really causes a problem is when HARQ feedback cannot be received, regardless of whether the UE actually performed a corresponding PUSCH transmission (case 3) or not (case 2). For case 2, this might seem counter-intuitive, i.e. if the PUSCH transmission was not performed, the UE should instead assume HARQ feedback to be NACK and perform a retransmission. However, as we shall see later on, such behaviour is not beneficial.

If the UE cannot receive HARQ feedback due to a glitch of a serving cell, there are basically two options for the UE.

-
Option 1: Assume ACK as HARQ feedback

-
Option 2: Assume NACK as HARQ feedback
2.4.1 Option 1: UE assumes ACK as HARQ feedback
If option 1 is selected and the UE assumes ACK as HARQ feedback, but the eNB transmitted NACK, we get a NACK-to-ACK error. The eNB will expect a non-adaptive HARQ retransmission, which the UE will not perform. The absence of UL HARQ retransmission can be detected in the eNB, which can then indicate retransmission or new data using the new-data indicator at the next opportunity for this HARQ process after the interruption. In this example, the eNB has reserved resources for the UE. Thus, this option would waste one retransmission opportunity, but only when the serving cell glitch actually occurs.
2.4.2 Option 2: UE assumes NACK as HARQ feedback
If option 2 is selected and the UE assumes NACK as HARQ feedback, but the eNB transmitted ACK, we get an ACK-to-NACK error. The UE will therefore perform a non-adaptive HARQ retransmission at the next opportunity for this HARQ process. Because the eNB assumed an ACK for this process, it has not reserved resources for the first UE and may schedule another UE on those resources. The first UE may therefore cause a collision (e.g. on PRACH or PUSCH) at the eNB with another UE. To ensure there are no UL collisions, a conservative eNB needs to refrain from reassigning the HARQ process resources in the UL to another UE. As the eNB needs to do this during the full time period indicated by Observation 4, it reduces system efficiency and adds eNB complexity.
It is of course possible to implement a less conservative eNB which does not refrain from reassigning the HARQ process resources in the UL to another UE. We call this option 2b. This implementation instead takes the performance hit in case a collision occurs. This implementation would also reduce system efficiency. If the spurious UL transmission collides with a RA preamble or a msg3 from another UE, that UE will back-off for example. However, this option, when compared to option 2, does not increase eNB complexity. It should be noted that the spurious transmission causing collisions would only occur at the actual serving cell glitch. Thus, the performance impact is probably on par with that of option 1.
2.4.3 Summary of options

Option 1 increases NACK-to-ACK errors, but not eNB complexity. The reduction on system performance is only due to the increase of NACK-to-ACK errors. Option 2 does not increase either ACK-to-NACK errors or NACK-to-ACK errors, but the conservative implementation probably causes a greater reduction in system efficiency than option 1 and 2b. Also, the eNB complexity is increased. Option 2b increases ACK-to-NACK errors, but not eNB complexity. The reduction on system performance is probably on par with the reduction caused by option 1 and is only due to the increase ACK-to-NACK errors.
All options have there their pros and cons. Option 2 probably has the biggest reduction on system performance. Selecting between option 1 and 2b, our preference is with option 1, as option 2b causes collisions with other UL transmissions and therefore would impact other UEs in the cell.
Observation 5 If HARQ feedback cannot be received due to a serving cell glitch, NACK-to-ACK errors are preferred over ACK-to-NACK errors.
2.5 Comparison to measurement gaps

It should be noted that there are some similarities to measurement gaps. Measurement gaps are configured by the eNB to allow the UE to perform measurements on another frequency than the serving. During a measurement gap, the UE is not able to receive HARQ feedback. In this case the UE shall assume HARQ feedback to be NACK which triggers the UE to perform a retransmission. The difference between the measurement gaps and glitches discussed earlier, is that measurement gaps are known to the eNB. It knows that the UE will perform a non-adaptive retransmission and will therefore keep those resources reserved. This means that the UE will not cause a collision with other UEs as explained earlier. Glitches due to SCell activation/deactivation are not known to the eNB and can therefore occur at any time from the SCell addition to SCell activation. 

2.6 Summary
Based on the above analysis we think current specifications need to be updated and that the UE shall assume HARQ feedback to be ACK.
Proposal 1 If HARQ feedback cannot be received due to a serving cell glitch the UE shall assume HARQ feedback to be ACK

If this proposal is agreed by RAN2, we have two CRs, one for Rel-10 [3] and one for Rel-11 [4].
3 Conclusion

In section 2 we made the following observations:
Observation 1
If only the PUSCH transmission is covered by the glitch, the UE can receive the HARQ feedback and shall act accordingly.
Observation 2
If both PUSCH and PHICH transmissions are covered by the serving cell glitch, current specifications are not entirely clear what the UE shall do.
Observation 3
If only the PHICH transmission is covered by the serving cell glitch, current specifications are not entirely clear what the UE shall do.
Observation 4
The eNB must assume that a serving cell interruption can happen at any time from SCell addition until some time after SCell activation, and at any time from SCell deactivation until some time after SCell activation.
Observation 5
If HARQ feedback cannot be received due to a serving cell glitch, NACK-to-ACK errors are preferred over ACK-to-NACK errors.


Based on the discussion in section 2 we propose the following:
Proposal 1
If HARQ feedback cannot be received due to a serving cell glitch the UE shall assume HARQ feedback to be ACK
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