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Discussion and decision
1 Introduction

During the RAN2#75bis meeting in Zhuhai RAN2 agreed that UE support of parallel message reception during connection re-establishment is not required for REL-8/ 9 while the status for REL-10 is still FFS. In this contribution we evaluate the cost and benefit of this feature in order to determine if introducing support at this late stage of REL-10 is justified.

In this contribution we also discuss another similar case, namely the resumption of SRB2 upon the first reconfiguration following re-establishment. Furthermore, we discuss the need to clarify the transmission/ reception via SRB1 and SRB2 upon handover.
2 Discussion

2.1 Parralel reception upon re-establishment

Background

During the RAN2#75bis meeting in Zhuhai, the following was agreed regarding the parallel message transmission upon connection re-establishment:

As expressed during the previous meeting, in our understanding RAN2 never really discussed that the UE should be required to support parallel message reception upon connection re-establishment. As for other functionality that is proposed to be introduced in REL-10, we try to evaluate the cost and benefit, in order to determine if it is justified/ essential to still introduce this enhancement in REL-10.
Delay reduction

In our understanding, the main benefit of introducing UE support of parallel reception upon re-establishment is a reduction of the delay until resumption of signalling (SRB2) and user data transfer. The following figure illustrates the sequence for the case without and with parallel reception.
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Fig 1a: Sequence without parallel reception
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Fig 1b: Sequence with parallel reception





Fig 1a illustrates that without parallel reception E-UTRAN transfers the subsequent reconfiguration message following reception and processing the RRCConnectionReestablishmentComplete message. Fig 1b illustrates that with parallel reception, E-UTRAN may transfer the subsequent reconfiguration message in same TTI as RRCConnectionReestablishment message. In our understanding, the delay gain resulting from the introduction of parallel message reception is considered to be as follows:

ΔT= 2 * Tx + TProc-eNB
With

Tx = the average transfer delay across the Uu. Tx is estimated to be 4.9ms, assuming that in 30% of the cases a HARQ retransmission is required (2.5ms + 0.3* 8ms)
TProc-eNB = RRC processing delay for the RRCConnectionReestablishmentComplete message (L2+ RRC). According to 36.912 an average value of 4ms is assumed.

Given the assumptions indicated in the above, our estimation results in the following value: ΔT= ~ 14ms

Additonal UE complexity
The main concern raised against introducing UE support of parallel reception upon re-establishment is that is increases UE complexity. Let's evaluate the similarities/ differences between the initial setup and the re-establishment scenario's.

	Connection establishment
	Connection re-establishment

	Status after connection establishment
>SRB1 is established
>Security is not configured
	Status upon connection re-establishment initiation
>SRB1 and SRB2 are suspended
>Security is configured

	Reception of SecurityModeCommand and RRCConnectionReconfiguration, transmitted in same TTI (both via SRB1)

>The SecurityModeCommand results in a (security) reconfiguration of PDCP, that should be completed before RRCConnectionReconfiguration is handled by PDCP

( UE must temporarily store RRCConnectionReconfiguration below PDCP
	Reception of RRCConnectionReestablishment and RRCConnectionReconfiguration, transmitted in same TTI (both via SRB1)

>The RRCConnectionReestablishment message results in a (security) reconfiguration of PDCP and/ or RLC, that should be completed before RRCConnectionReconfiguration is handled by L2
( UE must temporarily store RRCConnectionReconfiguration below RLC


The following table summarises the existing behaviour and changes that would be required to support parallel reception.
	Current behaviour
	Required changes

	Initiation

>suspend all RBs except SRB0

>reset MAC

>apply the default config (phys, SPS, MAC main, ..)
	

	Upon receiving RRCConnectionReestablishment
>re-establish PDCP for SRB1
>>discard all stored PDCP SDUs and PDCP PDUs

>>apply the ciphering and integrity protection algorithms and keys provided by upper layers during the re-establishment procedure

>re-establish RLC for SRB1

>reconfigure in accordance with radioResourceConfigDedicated

>resume SRB1

>update KeNB, derive KRRCint, KRRCenc and KUPCenc
>configure lower layers to activate integrity using KRRCint immediately

>configure lower layers to apply ciphering using KRRCenc and KUPCenc immediately
	Specification changes that seem required
>The PDCP discarding for SRB1 should only cover messages received prior to the RRCConnectionReestablishment (it is probably best to specify by referring to this message i.e. considering the RRC processing delay)
Some further clarification may need to be provided as to when exactly PDCP security re-configuration is to be performed


Notes

· 
It may not be easy to specify the discarding requirements as the PDCP re-establishment procedure is a general procedure used in different cases. One approach would be to specify these requirements in RRC while adding a statement in PDCP something like 'in accordance with the requirements specified in 36.331 for this particular case'.

· 
As for the initial establishment case, it may not be so easy to clarify when PDCP performs the security reconfiguration (e.g. relative to the RLC re-establishment). According to PDCP it seems this is done before RLC re-establishment while RRC suggests that updating PDCP with the new security configuration is done after RLC re-establishment
The above illustrates that it may not be so obvious how to introduce support for the parallel reception upon connection re-establishment. This should be done in a careful manner i.e. to avoid any unintended side effects.

Evaluation and recommendation
The re-establishment procedure involves quite a few stages in which communication may be interrupted, including detection of problems (governed byT310, value up to 2s), cell search (governed by T311, value up to 30s). Relative to the total service interruption upon connection re-establishment, expediting the resumption of SRB2 and DRBs with 14ms does not seem significant other than in specific cases e.g. a protocol error. As such cases should be really exceptional, it seems difficult to argue that introducing the enhancement is essential for REL-10. Consequently our proposal is as follows:

Proposal 1
Rel-10 UEs should not be required to support parallel message reception during re-establishment. The introduction of this enhancement may however be considered for REL-11.

Specification status

From the discussions in RAN2 and the limited UE support it is clear that the current RAN specifications are unclear w.r.t. whether or not the UE is required to support parallel message reception during connection re-establishment. We think that aspects like this should in general be clear from the core specifications and not e.g. just be stated in the meeting minutes. Hence our proposal is as follows:

Proposal 2
Clarify in TS 36.331 that the UE is not required to support parallel message reception during re-establishment.

The CR in [1] includes a proposal for how this may be clarified in TS 36.331.

2.2 Other similar scenario's
First reconfiguration after re-establishment; SRB2 resumption (case 2)
The specification for the resumption of SRB2 following a re-establishment is similar to what is specified for SRB1, see TS 36.331 clause 5.3.5.3:

If the RRCConnectionReconfiguration message does not include the mobilityControlInfo and the UE is able to comply with the configuration included in this message, the UE shall:
1>
if this is the first RRCConnectionReconfiguration message after successful completion of the RRC Connection Re-establishment procedure:

2>
re-establish PDCP for SRB2 and for all DRBs that are established, if any;

2>
re-establish RLC for SRB2 and for all DRBs that are established, if any;

2>
if the RRCConnectionReconfiguration message includes the fullConfig:

3>
perform the radio configuration procedure as specified in section 5.3.5.8;

2>
if the RRCConnectionReconfiguration message includes the radioResourceConfigDedicated:

3>
perform the radio resource configuration procedure as specified in 5.3.10;

2> resume SRB2 and all DRBs that are suspended, if any;
Given the nature of the signalling carried on SRB2, there seems less need for early transfer of messages on this bearer compared to SRB1. Hence we propose to specify a similar restriction for this particular case.

Proposal 3
Introduce a statement to clarify that, following re-establishment, E-UTRAN does not transmit an SRB2 message prior to receiving the first RRCReconfigurationComplete message from the UE.

Handover (case 3)
It seems useful to also consider parallel message transmission for the case of handover. Some considerations:

· 
SRB1: E-UTRAN should not send anything on SRB1 after initiating handover. TS 36.331 does however not explicitly specify any E-UTRAN constraints for this case

· 
SRB2: The handover (SRB1) could possibly overtake an SRB2 message which transmission was transmitted a little earlier. It is assumed that NAS would typically initiate a retry based on some timer. Likewise, E-UTRAN can after some time initiate a retry for the retrieval of e.g. MDT info
Note
Although upon handover, MAC is reset while PDCP and RLC are re-established, the indicated scenario's may occurs in some specific circumstances.

It seems clear that E-UTRAN should preferably not transmit any messages after sending the handover command. RAN2 may consider introducing a note to clarify this:

Proposal 4
Introduce a note to clarify that, following handover, E-UTRAN should not transmit any further messages until handover procedure has been completed.

General statement

TS 36.331 clause 5.1.2 includes a general statement regarding parallel RRC procedures, clarifying that a UE treats one message at a time. The section also includes a note indicating that E-UTRAN may however start a new procedure before a previous one has been completed:
1>
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 1:
E-UTRAN may initiate a subsequent procedure prior to receiving the UE's response of a previously initiated procedure.

In our understanding, the note should be considered to reflect the general principle. However, it is clear from the discussion in this document there are a number of restrictions that E-UTRAN should observe when transmitting a message in parallel/ immediately following to another message. To avoid confusion, we propose to add 'unless explicitly specified otherwise'.
Proposal 5
Add 'unless explicity specified otherwise' at the end of note 1 in TS 36.331 clause 5.1.2.

3 Conclusion & recommendation
This contribution includes the following proposals:

Proposal 1
Rel-10 UEs should not be required to support parallel message reception during re-establishment. The introduction of this enhancement may however be considered for REL-11.

Proposal 2
Clarify in TS 36.331 that the UE is not required to support parallel message reception during re-establishment.

Proposal 3
Introduce a statement to clarify that, following re-establishment, E-UTRAN does not transmit an SRB2 message prior to receiving the first RRCReconfigurationComplete message from the UE.

Proposal 4
Introduce a note to clarify that, following handover, E-UTRAN should not transmit any further messages until handover procedure has been completed.

Proposal 5
Add 'unless explicity specified otherwise' at the end of note 1 in TS 36.331 clause 5.1.2.
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=>	Rel-8/9 UEs are not required to support parallel message reception during re-establishment.


=>	We discuss further whether Rel-10 UEs are required to support parallel message reception during re-establishment. 


=>	We will decide whether and how to capture the agreement on Rel-8/9 once we have decided how to handle Rel-10
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