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Discussion and decision
1 Introduction

Lately a lot of discussion has taken place regarding the handling of NAS information in the Downlink. Finally a “delivery error notification” was agreed by which the eNB can inform the MME about assured failure of delivery
. 
However little discussion has so far taken place w.r.t. the handling of uplink NAS messages. In uplink, NAS messages are currently handled on SRB1. Regardless of the RLC mode used on SRB1, it should be clear that the corresponding RLC entity will be reset. In addition, it is expected that also the corresponding PDCP entity will be reset since there is no need for RRC message retransmission (other than this NAS information) given that the RRC entity is changed. As a result, loss of NAS messages may occur at every Intra-LTE handover. 
In this contribution we investigate whether this potential loss is a serious problem that should be solved, and if so, how it could best be addressed.

2 Loss of UL NAS messages
First we try to determine what the probability would be that an UL NAS message is lost if we do not introduce any additional mechanisms. Note that only after security has been started, mobility will take place in RRC-CONNECTED state. Thus e.g. during ATTACH no loss of NAS messages should take place
.

Assuming (quite “worst case” assumptions):

· Thandover = 20s
average handover periodicity
· Lnasmsg = 150B, 300B, 500B
there is a wide variety of UL NAS msg sizes. In this contribution we used three sizes: 150B (assumed to be the typical size of a ACTIVATE_PDP_CONTEXT REQUEST), 300B (assumed to be the typical size of an ACTIVATE_SECONDARY_PDP_CONTEXT_ REQUEST, and 500B (assumed to be kind a worst case length of an ACTIVATE_SECONDARY_PDP_CONTEXT_ REQUEST with all “PCOs” are provided).
· Lavgulgrant = 100b
average UL grant (100kbps rate)
· Tavgharqdur = 17ms
average 2 HARQ retransmission
· Perrharq = 2%
failure rate after HARQ

· Nharqproc = 4
4 HARQ process in use towards this UE

· RTTarq= 50ms
ARQ RTT
· the source eNB does not perform any effort to try to finalise ongoing HARQ/ARQ retransmissions before excuting the handover.
With these assumptions, the average transport time NAS msg segment will by approximation be:

Tnassegm 
= (1-Perrharq) * Tavgharqdur + Perrharq * (1-Perrharq) * (RTTarq + Tavgharqdur)
[1]



  
  
≈ 18ms

and the average transport time for a NAS msg would by approximation be:

Tnasmsg 
= Lnasmsg/Lavgulgrant *Tnassegm / Nharqproc










     [2]
and the average NAS message loss rate due to handover would be:

Pnasmsgloss = Tnasmsg / Thandover
* 100%















[3]
Table 1 provides the results for the different NAS message size:

	
	150B
	300B
	500B

	Tnasmsg
	54ms
	108ms
	180ms

	Pnasmsgloss
	0,27%
	0,54%
	0,9%


Note that this can be considered almost additional message loss compared to the UMTS situation where in earlier releases NAS messages would not be lost as long as the RNC does not change, and in later UMTS releases UE RLC will also perform retransmissions of messages not completely transmitted before re-establishment.
We would like RAN2 to discuss whether these additional message loss levels are acceptable in LTE, or whether we need to introduce a mechanism to prevent this loss. If required, we could liaise with CT1 to get an answer to this question.
3 Possible solutions
If it would be required to introduce an additional mechanism to overcome this MAS msg loss, e.g. by specifying: 
1) Explicit RRC retransmission

2) Use of PDCP
3) RLC retransmissions
3.1 Explicit RRC retransmissions

In UTRA RRC today (see 25.331, section 8.3.7.4), we have a statement which indicates that the UE shall, when detecting that a transmission is not confirmed by RLC for SRB3 or SRB4:

1>
if inter-RAT handover to GERAN Iu mode is performed and if there are any NAS messages for which the successful delivery of the INITIAL DIRECT TRANSFER message or UPLINK DIRECT TRANSFER message on signalling radio bearer RB3 or signalling radio bearer RB4 has not yet been confirmed by RLC; or

1>
if inter-RAT handover to other RAT than GERAN Iu mode is performed and if there are any NAS messages with the IE "CN domain identity" set to "CS domain" for which the successful delivery of the INITIAL DIRECT TRANSFER message or UPLINK DIRECT TRANSFER message on signalling radio bearer RB3 or signalling radio bearer RB4 that have not yet been confirmed by RLC:

2> retransmit those NAS messages to the network on the newly established radio connection to the target radio access technology.
In principle a similar approach could be followed for LTE at every eNB change or even every cell change. However it would mean that some duplication/inefficiency may be caused at every handover if an UL NAS message was being transmitted since the UE awareness of the source-eNB reception status will not be “perfect”.
3.2 Use of PDCP

An alternative would be to rely on PDCP for duplication/retransmissions. If all UL NAS would be handled on separate RB(’s) e.g. SRB3, it would be possible to use the complete user plane mechanisms as will exist for handling user data also for this NAS control information.
Note however that the current assumption is to have NAS messages transported on SRB1 which would enable “concatenation” in other RRC msgs.
3.3 Use of RLC
Usage of RLC will not be possible, since RLC will not be able to distinguish AS-RRC and NAS-RRC contents without considerable effort.

3.4. Rationale

Some considerations:

· For the DL, the mechanism to overcome loss at handover relies on a higher layer mechanism  (above PDCP)

· For Inter-RAT we will probably need to rely on RRC level retransmissions if NAS information needs to be retransmitted (currently FFS; e.g. depending on whether the NAS protocol is the same)

· A new SRB will result in the use of an additional LCID

Given the above, we have a small preference for having RRC handling UL NAS message retransmission if the NAS message delivery could not be confirmed by RLC (i.e. no RLC-AM ARQ ACK received for all message segments).
4 Conclusion

Based on this contribution, we would like:

1) RAN2 to discuss whether the indicated additional message loss levels calculated in section 2 are acceptable in LTE, or whether we need to introduce a mechanism to prevent this loss. If required, we could liaise with CT1 to get an answer to this question.
2) If an additional mechanism is considered required, it is proposed to agree on NAS message retransmission by RRC at intra-LTE handover if NAS msg delivery was not fully confirmed by RLC.

Potential changes to the current RRC specifications are indicated with revision marks in annex A.

5 References
Annex A: possible changes to RRC v8.0.0

5.3.4
Connected mode mobility control (Handover)

5.3.4.1
Introduction

To be specified

5.3.4.2
Reception of a handover command

NOTE
The UE performs the handover as soon as possible following the reception of the RRC message triggering the handover, which could be before confirming successful reception (HARQ and ARQ) of this message
The UE shall:

1>
if the radio configuration to be used in the target cell is specified as a delta to the one used in the serving cell (signalling details are FFS):
2> act upon the received radio configuration, excluding the physical layer configuration, in accordance with 5.3.2, as specified for the case of a ‘modification’;

2> act upon the received physical layer configuration in accordance with 5.3.2.3.
1>
else:
2> act upon the received radio configuration in accordance with 5.3.2.2.
1> reset the RLC and MAC;
1>
if no dedicated preamble was provided (signalling details are FFS) OR
1> if a dedicated preamble expiry time was provided and the indicated expiry time has elapsed (signalling details are FFS):

2> perform the initial access procedure as specified in [TS 36.321], using a randomly selected common preamble;

1>
else:
2> perform the initial access procedure as specified in [TS 36.321], using the indicated dedicated preambles;

Editors note
In case the above is the only action upon expiry time, it seems preferable to specify this in 36.221. However, it is presently unclear how contention is handled after the expiry time.

The handling of the radio bearers after the success completion of handover, e.g. the re-transmission of unacknowledged messages and/ or PDCP SDUs (as well as the associated status reporting), the handling of the SN and the HFN, are specified in [8]

5.3.4.3
Sending of a handover confirmation

To be specified

After the UE has confirmed the handover to the target cell, the UE shall:
1> 
if there are any NAS messages for which the successful delivery on SRB1 has not yet been confirmed by RLC
2>
retransmit those NAS messages to the network in the target cell.



























� 	Note that this decision might need to be revisited to get a more optimal behaviour given the latest CT1 decision to introduce duplication detection also in downlink.


� 	In case of mobility during the ATTACH sequence, it is assumed that a new RRC CONNECTION is established and the sequence is completely restarted.
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