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1 Introduction

UMTS allowed the possibility of “quick repeats” of RRC messages.  The RRC messages could be repeated with the same SN multiple times to ensure delivery of these messages.  The possibility of using quick repeats for LTE has been mentioned a few times before.  This contribution looks at the motivation for quick repeats for LTE and if required, how it could be done.

2 Discussion

2.1 Motivation

Quick repeats had some benefit in UMTS because of the long round trip time for the RLC-AM signaling.  However, LTE is quite different in many ways:

1) Round trip time for LTE is significantly lower than UMTS due to amongst others, smaller TTI and the co-location of RLC with MAC.

2) HARQ provides some level of quick repetitions already

2.2 Applicability of quick repeats

Quick repeats within the same logical channel using RLC-AM does not help since RLC will ensure that the original message is received correctly and delivered before the repeated message.  Hence quick repeats are useful or applicable only for:

1) when there are two SRBs and the repeated message is sent over a higher priority SRB while the original message was sent over SRB1. Of course in order to do this, it should be possible to do flexibile mapping of messages on SRB2.

2) With SRB using RLC-UM.  However, it should still be noted that unlike UMTS, in LTE even RLC-UM  does in sequence delivery.   Hence quick repeats are only useful or applicable in RLC-UM when it receives an indication from HARQ that the original message is lost.

Hence it can be argued that there is indeed little motivation and limited applicability to provide quick repeats for LTE.   And decision to use quick repeats should be taken in conjunction with the decision on use of SRB2 and the RLC mode for SRB2.  

But it is still useful to examine the complexity involved as well.

2.3 Options for providing quick repeats

Quick repeats for LTE can be provided by either PDCP, RRC or even RLC.  All these layers carry some form of a sequence number to allow for duplicate detection; the RRC has a transaction id and PDCP and RLC have a SN.  Hence it is possible for any of these layers to detect and discard duplicates.  

2.3.1 Quick repeat in PDCP layer

At first glance, it seems easier for the PDCP layer to perform a quick repeat on instruction from RRC since the same PDCP PDU could be resent. Receiving PDCP already supports duplicate detection. Further, duplicate detection can happen before any PDCP processing at the receiving end. 
However, it should be noted it is not possible to use PPCP for repetition over different SRBs as discussed above; in other words, it is only useful with SRB using RLC-UM mode.

Further, there is no requirement for duplicate detection in PDCP except during HO.  Indeed, the PDCP for the SRBs do not currently need to perform duplicate detection at all (although it could also be argued that PDCP implementations may be the same for all bearers and hence an implementation may support duplicate detection also for SRBs). Further, the duplicate detection for the user plane bearers occur at the final stages of PDCP after decryption and ROHC while duplicate detection would be needed at the input to PDCP to benefit from early discard at the receiving end.   In any case, the benefit from avoiding processing at PDCP is minimal.

2.3.2 Quick repeats at RRC layer

Quick repeats at the RRC layer is also now possible following the introduction of the RRC transaction identifier.  The repeated message will be seen as a new message by PDCP but this is not an issue given that there is no re-ordering function in the PDCP layer (apart from the additional processing at the PDCP layer).  The function in the receiving RRC layer is minimal and limited to detecting and discarding consecutive messages with the same transaction id (assuming that the transmitting end will not mix another message between two quick repeats).

2.3.3 Quick repeats at RLC layer

The RLC layer can also perform quick repeats.  One advantage in doing this is that quick repeats can be used with both RLC modes.  Both modes of RLC do in sequence delivery and duplicate detection, but “quick repeats” require special handling at the transmitter for example to ensure the repeated messages are sent over different transport blocks.  Overall, this can be seen to be more complex at the transmitting end compared to the other two solutions.

3 Summary and proposal

Based on the discussion above, it is doubtful if quick repeats are useful for LTE.   The decision depends also on the decision on the use of SRB2 – whether flexible mapping of messages is allowed or if an RLC-UM SRB is defined.  If neither is allowed, then quick repetition cannot be used.

Should it be possible to use quick repeats (based on the decisions on SRB2) and if it is still considered necessary to support quick repeats, based on the above analysis, it seems easiest and more useful to support it at the RRC layer.  For simplicity, no other messages should be sent between two repeated messages.
Under these assumptions,  “quick repeats” is almost an implementation issue and the impact on RRC specification is limited to the inclusion a sentence of the nature “consecutive messages with the same transaction id will be discarded”.

4 Annex: draft CR to 36.331 should quick repeats be considered necessary for LTE
Note: This draft CR does not capture the use of RLC-UM SRB since that is a separate discussion.  The above CR is only applicable when an RLC-UM SRB is defined.
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General

4.1 5.1
General

4.1.1 5.1.1
Introduction

The procedural requirements are structured according to the main functional areas: system information (5.2), connection management (5.3),  inter-RAT mobility (5.4), measurements (5.5). In addition there is a section other (5.6) that covers e.g. NAS dedicated information transfer, UE capability transfer.
4.1.2 5.1.2
General requirements

The UE shall:

1>
if the transaction identifier of the message is different from the last received message:

2> process the received messages in order of reception by RRC, i.e. the processing of a message shall be completed before starting the processing of a subsequent message;

NOTE
The eNB may initiate a subsequent procedure prior to receiving the UEs response of a previously initiated procedure.

Editors note
The above is based on the following working assumptions: a) so far no need has been identified for an activation time, b) for procedure completion there is not need to wait for an L2 ACK

Editors note
The UE can only initiate the UL information transfer procedure while in RRC_CONNECTED, i.e. this does not include the transient states while the UE is waiting for a response to connection request or a connection re-establishment request.

Editors note
The UE continuously ongoing actions in idle and connected (i.e. normative versions of the statements in 4.2.1) are specified within the respective sections, e.g. system information, paging (36.304), measurements. Same applies for the actions upon state transitions.

To be completed
