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1. Introduction

Some companies have indicated their preference for using MAC signaling for sending BSR, TA and UE DRX control. MAC signaling inherently is low in reliability as compared to RRC signaling [1]. RRC signaling however is high on control delay; but with the location of MAC and RRC both at the same network element the timing-delay benefit may not be huge. We are taking a look at the requirement for MAC signaling to decide what all should go in MAC signaling, if anything at all.
In this discussion paper we would like to motivate RAN2 towards decision on signaling aspects.
2. Discussion
The E-UTRA supports control signaling in terms of MAC control signaling (L1/L2 control channel and MAC control PDU) and RRC control signaling (RRC message)
. The signaling reliability is high for RRC (~ 10-6) and for MAC it is relatively low (~ 10-3). At the same time control delay in MAC signaling is short compared to RRC signaling. We will begin by listing cases where this discussion is more meaningful:

1. Buffer Status report (BSR)
2. Timing Advance (TA)
3. UE DRX control
4. CQI reconfiguration
5. Measurement Gap Control

6. Any other?

We now discuss the aspects on which the discussion is to proceed for decision between MAC and RRC signaling.
2.1. Reliability:
An RRC signaling is deemed more reliable than MAC signaling. To use MAC signaling we take a look at how a ‘miss’ due to MAC signaling would possibly be handled:
1) If a BSR is missed, some data delay might be caused but there will be another BSR sometime later.

2) If the DRX period control is missed, assuming that MAC signalling is only used to increase the DRX, then the UE might listen too frequently but no harm would be done. But if the MAC signaling is also used to decrease the DRX then UE may miss some wakeup and therefore some assignments. Network at a later stage needs to discover this.

3) If TA is missed, the network can detect and repeat (based on UL signal timing).

4) If a CQI reconfiguration is missed the UE and the network may be mis-aligned and this may result in some loss in DL throughput; which network will detect sometime later and re-transmit.
5) In [8] we have indicated our preference against per gap control and recommend that a more patient gap control is desirable. If a gap control command (on-off) is missed then UE may either miss the scheduling (on -> off) or may miss the measurement opportunity (off -> on). The prior will mean some throughput loss which network needs to detect and retransmit later.

However, the exact impact of the above temporary mis-alignment is not known. 
Proposal1: RAN2 should study the impact to decide on whether the MAC signaling can cope with the acceptable performance limit with the given reliability. If the investigations reveal that the performance degradation in any of the above cases is unacceptable then we need to discuss if there are some feasible solution to increase the MAC reliability. 
We next discuss if there are really cases which have critical control delay requirement for which the RRC signaling delay is ill-affordable.
2.2. Control Delay:
Given the fact that MAC and RRC now sit in the eNB, the control delay may not be huge; however, there will be some processing delay and some other delay due to RLC (e.g. the retransmission delay at RLC and delay to avoid out of sequence delivery etc.). 
We need to consider two aspects here:
1. How often the changes happen? For example how often a BSR will be sent or CQI will be reconfigured. If this happens very frequently then RRC signaling will be a costly affair.

2. Perhaps more importantly the “time to affect” i.e. how quickly the changes need to be affected. If it is important to affect the change in next few TTIs then it is prudent to use the MAC signaling.

It will be interesting to see how big is the difference in control delay of RRC and MAC signaling in the given situation. 

The transmission delay for both MAC and RRC signaling would be same, so only the processing time (RRC + PDCP + MAC) is extra in RRC signaling. This “very roughly” will translate to 2 or 3 ms. The situation becomes worse when the RLC level retransmissions are required and specially when RLC has to wait for a packet (s) to avoid out of sequence delivery (e.g. in case when the RLC is waiting for say a measurement control packet before submitting the CQI reconfiguration to higher layer on the same SRB). In this case the “time to affect” increases. 
Proposal2: RAN2 should therefore investigate the “time to affect” for BSR, TA, DRX length control, CQI reconfiguration and measurement gap control and decide if the RRC control delay exceeds the performance limits.

2.3. Overhead
MAC signaling is better than RRC because it will incur less overhead. RRC signaling will have additionally PDCP and RLC headers. It should also be possible to optimize on the MAC header for control signaling purpose.
2.4. Others
Some other factors should also be considered while making the decision:

1. RRC signaling may need RRC level confirm/ complete level message to avoid any misalignment which will double the delay.
2. Signaling should possibly originate where the functionality is located e.g. for scheduling related functionalities it may be better to use the MAC signaling. This will reduce intra layer dependencies.
3. Conclusion
RAN2 should discuss all the above factors and determine if reliability alone is the only important factor and the control delay gain obtained from MAC signaling is not significant; then:
RRC Signaling should be used.
Else if,

Control delay gain obtained from MAC signaling is not insignificant and reliability is also of paramount importance then:

RAN2 should work on increasing MAC signaling reliability.

Else,

Control delay gain obtained from MAC signaling is significant and ‘missing’ a control signal can be handled without much loss in throughput then:

 MAC signaling should be used in its present avatar.
The above analysis needs to be made on case by case basis and therefore, say it will be possible that CQI reconfiguration will use RRC signaling while UE DRX control will be performed via MAC signaling or vice versa. We therefore request RAN2 to discuss all the factors before deciding on a signaling mechanism for each case.
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� For rest of our discussion we will refer to MAC control PDU whenever discussing MAC signaling. L1/L2 control channel based signaling do not form part of this discussion.





