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1
Introduction
During the RAN2#77bis, it was discussed whether the UE MAC layer should indicate to the PHY layer when the scheduling request(SR) will be blocked by repeated ACK/NACK transmissions [1]. 
In [2], it is specified that UE should not transmit any other UL signal if it is transmitting repeated ACK/NACK. 

When UE receives PDSCH in subframe n-4 and ACK/NACK repetition is configured, UE

· shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in subframe 
[image: image1.wmf]4

-

n

) on PUCCH in subframes 
[image: image2.wmf]n

, 
[image: image3.wmf]1

+

n

, …, 
[image: image4.wmf]1

ANRep

-

+

N

n

;

· shall not transmit any other signal in subframes 
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· shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in subframes 
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According to the above specification, the UE is not allowed to transmit any other UL signal as long as there is ACK/NACK repetition transmission. This means that if collision happens, UE will not be able to transmit D-SR when there is UL data arrival, and UE will not be able to transmit preamble and Msg3 if the random access is triggered. 
In RAN2#78, there was some discussion about the collision between ACK/NACK repetition and random access procedures [], with the conclusion that companies could bring this directly to RAN1. 

In this paper, we further discuss the collision between ACK/NACK repetition and random access procedure and make our proposal on the priority.
2
Discussion
2.1
Collision between ACK/NACK repetition and RA
The eNB can configure the UE to repeat ACK/NACK transmission for 2/4/6 times and the reason why the UE is not allowed to transmit any other UL signal when repeated ACK/NACK is being transmitted is because the eNB configures ACK/NACK repetition to UE when the UL channel quality of this UE is quite bad, e.g. UE is at the cell edge. Transmitting additional signals would in such channel conditions could jeopardize the .

To avoid the collision between ACK/NACK and other UL signals, the eNB could take care not to schedule any UL transmission during the ACK/NACK repetition, not to schedule DL transmissions which may cause collision between SR and ACK/NACK repetition, and as specified in [2] the UE is not allowed to transmit any UE initiated UL transmission either. However, it is possible that unknown to the eNB contention based random access is triggered at UE side, and since PRACH resources are assumed to have higher density, avoiding collision between ACK/NACK repetition and preamble might be difficult from the scheduling point of view. Even in the case when the preamble is transmitted since it is not colliding with ACK/NACK repetition, it is still possible that Msg3 could collide with ACK/NACK repetition because the eNB could not identify the UE from which the contention based preamble was sent. Thus, we made following observation
Observation #1: avoiding collision between ACK/NACK repetition and preamble is difficult from the scheduling point of view

Observation #2: it is not possible to avoid collision between ACK/NACK repetition and Msg3 for contention based random access
2.2
UL blocking problem due to ACK/NACK repetition
Besides the unavoidable collision between ACK/NACK repetition and Msg3, the ACK/NACK repetition may also cause UL blocking in some cases. When ACK/NACK repetition is configured, if there is continuous DL transmission, all the UL opportunities will be occupied by repeated ACK/NACK transmissions and the UE will not be able to request any UL resource in case UL data arrival. This situation may not happen very frequently in the FDD case because UE is able to transmit UL signal in all the subframes, and the eNB might be able to manage to keep the UL subframes where SR is configured vacant to give the UE a chance to request the UL resources. 
However, this problem will be much severer in TDD due to there being fewer UL subframes. Take TDD configuration #2 as an example (figure below), even if the repetition factor is configured as only 2, it means that to save an UL opportunity, the eNB has to keep the whole radio frame (i.e. 10ms) un-scheduled with any DL transmission. 
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Figure 1 TDD configuration #2
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Figure 2 eNB has to reserve many DL subframe un-scheduled for UL resource request

In the case where there are continuously DL packets arriving and ACK/NACK repetition is configured, most probably the eNB will schedule DL transmission for this UE quite frequently and as a consequence the UE will have no chance to request UL resources. One possible implementation solution would be that the eNB tries to “guess” that possibly some UL data has arrived at the UE side and keeps several DL subframe un-scheduled to save an UL opportunity for SR. However, this is not a good approach given that the UE knows that there is UL data arrival and when an SR should be triggered, and it is highly possible that eNB made the wrong “guess” increasing the latency for both DL and UL transmissions. Moreover, in case the repetition factor is configured as 4 or even 6, eNB has to reserve 20 or even 30 subframes un-scheduled to have the uncertain attempt, which is very inefficient and will further increase the latency of the DL transmission
This is not only the problem of D-SR because the UE cannot transmit preamble in this case either. So even if eNB doesn’t configure SR for this kind of UE, but relies on random access to request the UL resources, or D-SR fails and the UE triggers random access, preamble transmission will still be blocked by repeated ACK/NACK transmissions. 

Observation #3: When there is continuous DL transmission and ACK/NACK repetition is configured, it is possible that all the UL transmissions are blocked by repeated ACK/NACK feedback. , and such problem is much severer in TDD case. 
2.2

Necessity of UL resource request indication
It is expected that the eNB will only configure ACK/NACK repetition when the UL channel quality is bad. The question is then if it is really useful for the UE to successfully inform the eNB about UL data arrival if a successful transmission of this data is unlikely. However, in a practical deployment, the UL should have the similar coverage as the DL for the same cell and it is not likely that UE can receive the DL data, but not transit UL. Then, as long as UE has not been moved to another cell by HO and still have continuous DL transmission, it should be possible for UE to send UL data as well. Besides that, the eNB could also configure TTI bundling to improve the PUSCH performance further improving the UL transmission. 

Besides transmission of normal UL data, UE may also have higher layer control signalling to be transmitted in UL. For example, 

· The UE may need to report the RLC STATUS PDU to eNB for DL transmission

· The UE may need to transmit Service Establishment Request info to eNB in case of MO call
· The UE may need to transmit RRC reconfiguration complete signaling to eNB to finish the RRC reconfiguration procedure
· The UE may need to report TCP layer feedback to NW side
Delaying such higher layer control signalling will also cause DL transmission performance degradation and bad user experience. Hence, enabling the UE to always having a way to tell the eNB that “I have UL data” is recommended, even if the eNB may choose not to schedule it immediately.

Obvervation #3: The UE should always have a mean to report to the eNB that it has UL data even when ACK/NACK repetition is configured. 
2.3

Possible solution
Currently, the UE has two ways to request UL scheduling from eNB, scheduling request and random access. When the UE is configured with SR resources, upon the UL data arrival the UE will first send a SR to the eNB and retransmit the SR if no UL grant is received. When the SR_COUNTER reaches the maximum value, the UE will cancel all the pending SRs and trigger the random access procedure. When the UE is not configured with SR resources, the UE will trigger random access procedure directly upon the UL data arrival. 
The intention with restricting the UE not to transmit any other UL signal when ACK/NACK repetition is transmitted was due to the bad channel quality and limitation of UE’s power. To enable the UL resource request when ACK/NACK repetition is configured, we think it is better to let the UE prioritize the random access procedure over repeated ACK/NACK transmissions because random access can be used to request UL grant in both the cases described above. A preamble transmission will have better performance compared to an SR transmission and probability of getting the UL grant with one shot is then high, minimizing the impact to the ACK/NACK performance. Additionally, there might also be other reasons why the preamble transmission collides with ACK/NACK repetition, and we think the solution is that UE prioritizes the random access procedure over the HARQ feedback. 
Prioritizing the random access over ACK/NACK repetition may cause some performance loss to the PUCCH. However, since the PRACH will be only 1ms it will only cause one missed ACK/NACK at the eNB side, making the impact quite limited. Even if the PUCCH is eventually not successfully decoded by the eNB, it will only impact a few DL packets, which will still be recovered by HARQ or ARQ. 

Proposal: Random access procedure should be prioritized over ACK/NACK repetition.
3
Conclusion
Observation #1: avoiding collision between ACK/NACK repetition and preamble is difficult from the scheduling point of view

Observation #2: it is not possible to avoid collision between ACK/NACK repetition and Msg3 for contention based random access

Proposal: Random access procedure should be prioritized over ACK/NACK repetition.
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