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1 Background 
When a downlink transport block is received on the PDSCH for a particular UE, that UE must signal a corresponding ACK (i.e. the PDSCH transport block was successfully decoded) or NACK (i.e. the PDSCH transport block was not successfully decoded) on the uplink.  If a UE has a poor transmission channel or otherwise challenging channel conditions between itself and its serving eNB, then the eNB may semi-statically configure that UE with ACK/NACK repetition for greater control signalling reliability.  Here, any ACK/NACK transmitted on the uplink in response to a downlink reception on the PDSCH is repeated 2, 4, or 6 times (depending upon the configured repetition factor) in consecutive uplink subframes.

2 SR Collision with ACK/NACK Repetition 
At the same time as a UE has pending uplink traffic (and hence pending scheduling requests), the same UE may also be receiving downlink transmissions on the PDSCH which it has to ACK/NACK back to the eNB.  It is therefore quite possible that the UE may be required to transmit both SR (i.e. the UE requires uplink resources) and ACK/NACK information in the same uplink subframe. Section 10.2 of [36.213] states that if ACK/NACK repetition is configured and an ACK/NACK sequence is being transmitted, then only ACK/NACK on PUCCH shall be transmitted and no other signals shall be transmitted.  This implies that:
· A scheduling request PUCCH transmission which collides with an ACK/NACK repetition sequence will be dropped or cancelled.  (Note that only this particular SR PUCCH transmission is dropped/cancelled; a pending SR will not be cancelled by this situation.)
Note that this only happens when ACK/NACK repetition is configured. If ACK/NACK repetition is not configured, then SR and ACK/NACK information can be signalled in the same uplink subframe as specified in Section 7.3 of [36.213].  ‘For FDD with PUCCH format 1a/1b transmission, when both HARQ-ACK and SR are transmitted in the same subframe, a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1a/1b resource for a negative SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission.’
3 Problem Descriptions 
When the UE has at least one pending SR and a valid SR PUCCH resource in the current TTI (subframe), the following actions will occur (this assumes that SR_COUNTER < dsr-TransMax).

· SR_COUNTER is incremented by 1.

· The physical layer is instructed to signal an SR on PUCCH.

· The sr-ProhibitTimer is started.

Now, assume that the SR PUCCH transmission by the physical layer collides with the transmission of an ACK/NACK repetition sequence.  As described in Section 2, the current specification text will cause the SR transmission to be dropped/cancelled silently (only in the PHY layer), with no notification being provided to the MAC, which means this operation is transparent to the MAC. This has the following implications.

· The eNB will not receive the SR transmission from the UE since the SR transmission was never made.

· The maximum allowable number of SR transmissions actually made by the UE is effectively reduced by one (since SR_COUNTER is incremented by 1, even though the SR transmission is never actually made).  This reduces the probability that the eNB will successfully decode at least one SR transmitted by a UE before the UE falls back to performing a random access procedure, and thus increases the probability of the scheduling request procedure failing which is undesirable.

· The UE cannot transmit another SR until the next allowable SR opportunity.  Depending upon the setting of sr-ProhibitTimer, this next allowable SR opportunity may be some time in the future.  In particular, if sr-ProhibitTimer is greater than 1, then this next allowable SR opportunity will be further in the future than is the next valid SR PUCCH opportunity.  This will introduce extra latency into the scheduling request procedure.

If the UE is receiving downlink traffic frequently, then it is quite possible that multiple SR transmissions may suffer a collision with an ACK/NACK repetition sequence.  In this case, there may be a significant delay before the UE can actually transmit an SR, and it is theoretically possible for the scheduling request procedure to fail without the UE having even transmitted an SR on PUCCH (or at least, actually transmitting only a fraction of the expected dsr-TransMax SRs on PUCCH). 

The above issues may become severe in the case of SPS for VoIP services. An example is shown below.  A normal procedure without collision is shown in Fig.1. 
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Fig.1 Normal procedure without ACK/NACK repetition.
In this case, the SPS resource could be timely allocated and the delay for the voice service could be minimized. Fig 2 shows the current procedure when only one collision occurs with sr-ProhibitTimer set to 4 (the sr-ProhibitTimer can be set from 0 to 7). 

[image: image2.emf]SR opportunity SPS UL transmission

Voice packets arrive

SPS resource released

MAC layer indicates SR transmission but PHY 

collides with A/N repetition (SR cancelled). 

MAC does not know. Sr-prohibit timer running. 

These 4 SR opportunities are 

blocked by sr-prohibit timer


Fig.2 Current UE behaviour when collision happens  

From Fig2, it is seen that since PHY does not indicate to the MAC that the SR transmission is cancelled, the MAC will behave as if that SR is actually transmitted, i.e., SR_COUNTER is increased by 1 and the sr-ProhibitTimer is running. This will block future SR transmissions until the timer expires. This additional delay may noticeably impact the user experience during the on-going voice conversation. If the next SR transmission opportunity collides with ACK/NACK repetition again, the delay could become intolerable for the on-going voice call. In the worst case, the dsr-TransMax could be reached and the UE will release the SR resources. Further, since SR transmission could happen anytime at the UE side, it is difficult for the eNB to avoid such collisions when both are configured. 
4 Solution 

From the above discussions, it can be seen that the issue comes from the fact that the PHY cancels the SR transmission when a collision happens but MAC considers that SR is “actually” transmitted and then performs the relevant procedure, i.e., increase the SR_COUNTER and start the sr-ProhibitTimer.  The simple solution would be that when the MAC layer recognizes that a collision between a valid SR PUCCH resource and the transmission of ACK/NACK (when ACK/NACK repetition is configured) occurs, and the MAC handles it in the same manner as for a collision between a valid SR PUCCH resource and a measurement gap.  That is, SR_COUNTER is not incremented, no request to the physical layer to transmit SR on PUCCH is made, sr-ProhibitTimer is not started, and the UE simply waits until its next valid SR opportunity to signal an SR.  This ensures that the UE has the same chance of successfully completing a scheduling request procedure (rather than eventually having to fall back to a random access procedure) regardless of how many collisions between SR and an ACK/NACK repetition sequence occur. Fig 3 shows the suggested behaviour. 
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Fig.3 Suggested UE behaviour when collision happens
From Fig.3, it is seen that the delay in actually signalling an SR is much reduced and the undesired behaviour is avoided. 

5 Conclusion 
We request RAN2 to consider the identified issue above and discuss the suggested solution. 
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