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Discussion and Decision
1
Introduction

Currently, the following two mechanisms for PUCCH / SRS (Sounding Reference Signal) resource release have been agreed for LTE:

1) Explicit RRC signalling to indicate resource release

2) Implicit resource release at TA (Time Alignment) Timer expiry

In general, there is motivation to release PUCCH / SRS resources for RRC_CONNECTED UEs performing DRX with long DRX cycles (this is not equal to Long DRX cycle as defined in [1]). In this contribution, whether or not additional mechanisms to release PUCCH / SRS resources in relation to the DRX cycle is investigated.

2
Discussion
Motivation to release PUCCH / SRS resources for RRC_CONNECTED UEs
When traffic is inactive for a RRC_CONNECTED UE for some time (e.g. few hundred milliseconds to few seconds), it is desirable to release PUCCH / SRS resources assigned to the UE since they are dedicated resources. Otherwise, the PUCCH / SRS resources to be reserved in the UL must be over-dimensioned, which leads to decreased UL capacity. In order to release the PUCCH / SRS resources, the network may either only release these resources while keeping the UE in RRC_CONNECTED or release these resources by sending the UE in to RRC_IDLE. Sending the UE into RRC_IDLE immediately may not be desirable as it requires the RRC CONNECTION SETUP procedure (and the S1 Initial Context Setup procedure) to take place when traffic becomes active for the UE, leading to increased RRC processing/signalling load and increased U-plane restart delay. Therefore, when traffic becomes inactive for a RRC_CONNECTED UE for some time, it would be desirable to release PUCCH / SRS resources without having to send the UE to RRC_IDLE.

Conclusion 1: It should be possible to release PUCCH / SRS resources from an RRC_CONNECTED UE when traffic is inactive for the UE, without having to send the UE into RRC_IDLE.
When to release PUCCH / SRS resources from RRC_CONNECTED UEs

The timing to release PUCCH / SRS resources from an RRC_CONNECTED UE is a network operation issue. Generally it is expected for a network to set an inactivity timer, and when traffic for an UE has been inactive for the time of the inactivity timer, the network will release PUCCH / SRS resources from the UE. Since a network shall consider efficient UE battery saving, it is natural for a network to also configure the UE to perform DRX at this time. In the context of the 2 stage RRC_CONNECTED DRX that has been agreed in Stage 2 (i.e. Short DRX cycle and Long DRX cycle), it is natural that this timing will be the timing the UE implicitly transitions to Long DRX cycle. It is noted that here, the focus is on UEs engaged only in non-real time services (see NOTE1 below). Therefore, it would be natural to release PUCCH / SRS resources from an RRC_CONNECTED UE engaged only in non-real time services when the UE starts performing DRX with the Long DRX cycle.

NOTE1: Currently, [1] specifies that the configuration of Long DRX cycle is mandatory but that the configuration of Short DRX cycle is optional when the RRC_CONNECTED DRX functionality is configured. Therefore, it is expected to set the Long DRX cycle for an UE engaged in VoIP to the inter-packet arrival time of speech packets (e.g. 20ms). So even if an UE performs DRX with the Long DRX cycle, PUCCH / SRS resources will not be released in case the UE is engaged in VoIP.

Conclusion 2: It should be possible to release PUCCH / SRS resources from an RRC_CONNECTED UE when the UE transits to Long DRX cycle.
Using RRC signalling to release PUCCH / SRS resources when UE starts DRX with Long DRX cycle

As it has been agreed to support release of PUCCH / SRS resources via explicit RRC signalling, it is possible to use RRC signalling to release PUCCH / SRS resources when an UE is about to transit (or after an UE transits) to the Long DRX cycle. However, this seems to defeat the purpose of the implicit UE transition to Long DRX cycle via Inactivity Timer + DRX Short Cycle Timer expiry as the RRC signalling to release PUCCH / SRS resources will bring the UE back to continuous reception (i.e. Inactivity Timer will be started). Although this seems to be counter intuitive, it is still possible to operate in this way. It just means that when the Inactivity Timer + DRX Short Cycle Timer is about to expire (or after it expires), the network has to signal PUCCH / SRS resource release via RRC. The PUCCH / SRS resources will be released at this time, and the UE will transit to Long DRX cycle when the Inactivity Timer + DRX Short Cycle Timer which is restarted at this time expires. If the network wants to send the UE into DRX earlier, it can transmit the MAC control element to order the UE to start Long DRX cycle after transmitting the RRC signalling to release the PUCCH / SRS resources.
Conclusion 3: Although it seems counter intuitive and not optimal, using explicit RRC signalling to release PUCCH / SRS resources when an RRC_CONNECTED UE transits to Long DRX cycle is possible.
Using TA Timer expiry to release PUCCH / SRS resources when UE starts DRX with Long DRX cycle

As it has been agreed to support release of PUCCH / SRS resources at TA Timer expiry, it is possible to use this mechanism to release PUCCH / SRS resources when an UE transits to the Long DRX cycle. However, it is noted that the TA Timer has been originally designed for the UE to detect the possibility of an UL timing de-synchronization. So naturally, the value for TA Timer and Inactivity Timer + DRX Short Cycle Timer will be different. For example, the value of the TA Timer could be set to a short value if an UE is moving (or expected to move) at high velocity, whereas it could be set to a long value if an UE is moving (or expected to move) at low velocities. On the other hand, the value of Inactivity Timer + DRX Short Cycle Timer is expected to be rather constant among UEs engaged only in non-real time services. Below we try to assess if this becomes an issue taking into account two cases: (1) TA Timer is longer than Inactivity Timer + DRX Short Cycle Timer and (2) TA Timer is shorter than DRX Short Cycle Timer.
When the value of the TA Timer does not have to be shorter than the value of Inactivity Timer + DRX Short Cycle Timer (owing to the low velocities that has to be considered), the value of the TA Timer can be set equal to the value of Inactivity Timer + DRX Short Cycle Timer, i.e. the TA Timer is utilized as a mean to resource PUCCH / SRS resources in a timely manner rather more than (or in addition to) guaranteeing maintenance of UL timing synchronization. With such an operation, PUCCH / SRS resources will be released exactly when an UE transits to Long DRX cycle (this is illustrated in Figure A.1 in the Annex).

When the value of the TA Timer has to be shorter than the value of Inactivity Timer + DRX Short Cycle Timer (owing to the high velocities that has to be considered), there is no problem in this approach since the TA Timer will have expired before Inactivity Timer + DRX Short Cycle Timer expires, i.e. the PUCCH / SRS resources will be released before an UE transits to Long DRX cycle.
Conclusion 4: TA Timer can be utilized to release PUCCH / SRS resources when an RRC_CONNECTED UE transits to Long DRX cycle, and it seems to be a better approach than the explicit RRC signalling approach.

Conclusion 5: No new mechanism is needed in order to release PUCCH / SRS resources in relation to RRC_CONNECTED DRX.
3
Conclusion

This contribution investigated whether or not additional mechanisms to release PUCCH / SRS resources in relation to the DRX cycle of RRC_CONNECTED UEs are needed, and concludes as follows:

Conclusion 1: It should be possible to release PUCCH / SRS resources from an RRC_CONNECTED UE when traffic is inactive for the UE, without having to send the UE into RRC_IDLE.
Conclusion 2: It should be possible to release PUCCH / SRS resources from an RRC_CONNECTED UE when the UE transits to Long DRX cycle.
Conclusion 3: Although it seems counter intuitive and not optimal, using explicit RRC signalling to release PUCCH / SRS resources when an RRC_CONNECTED UE transits to Long DRX cycle is possible.
Conclusion 4: TA Timer can be utilized to release PUCCH / SRS resources when an RRC_CONNECTED UE transits to Long DRX cycle, and it seems to be a better approach than the explicit RRC signalling approach.

Conclusion 5: No new mechanism is needed in order to release PUCCH / SRS resources in relation to RRC_CONNECTED DRX.
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Annex – Illustration of PUCCH / SRS resource release when UE enters Long DRX by using TA Timer expiry

Case 1
TA Timer does not have to be shorter than Inactivity Timer + DRX Short Cycle Timer
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Figure A.1

In Figure A.1, there are three timers: 1 at the eNB and 2 at the UE. The eNB timer (“Traffic inactivity timer”) is an internal timer which starts every time the eNB detects that buffer for the UE becomes empty, and will be stopped when traffic arrives in the buffer for the UE. The eNB timer is expected to be of the same length as the value the eNB configures for Inactivity Timer + DRX Short Cycle Timer at the UE. At the expiry of the eNB timer, the eNB will decide that it wants to release the PUCCH / SRS resources from the UE and allow the UE to perform DRX. To realise this goal, the eNB will stop sending the periodical TA commands to the UE. It is assumed that the eNB will send periodical TAs to the UE before this timer expires to avoid the UE having to access from RACH. After the sending of the periodical TAs are stopped, PUCCH / SRS resources will be released when the TA Timer at the UE expires, and the UE will start performing DRX at the Long DRX cycle when Inactivity Timer + DRX Short Cycle Timer expires. Since there is no requirement to set the TA Timer shorter than Inactivity Timer + DRX Short Cycle Timer (owing to the low UE velocities that has to be considered), the eNB will configure them to be the same value so that PUCCH / SRS resource release timing matches the timing the UE transits to Long DRX cycle.
Case 2

TA Timer has to be shorter than Inactivity Timer + DRX Short Cycle Timer
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Figure A.1

In Figure A.2, the situation is similar to the case in Figure A.1, except that the there is a requirement to set the TA Timer shorter than Inactivity Timer + DRX Short Cycle Timer (owing to the high UE velocities that has to be considered). In this case, after the eNB detects the internal eNB timer expiry and stops sending the periodical TAs, Inactivity Timer + DRX Short Cycle Timer expiry will occur after TA Timer expiry. Therefore, by the time UE transits to Long DRX cycle, the PUCCH / SRS resources will be already released.[image: image3.png]
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