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1 Introduction
At the last meeting the following email discussion was triggered ([1]):
[NB-IoT-AH#3] PDCP handling at resume (Ericsson) 

-
Intended outcome: Email discussion report to RAN2#94.
-
Deadline: Thursday 19/05/2016

The purpose of this email discussion is to clarify the handling of the RLC and PDCP contexts at RRC suspend/resume procedures. As input for the discussion there are the proposed changes I.004 in [2], and the contribution [3].

At the RAN2#93bis meeting [4] the following was agreed related to the RRC resume procedure:
For the Resume procedure: 
· Introduce new RRC message RRCConnectionResumeRequest, RRCConnectionResume, RRCConnectionResumeComplete
· Use existing RRC messages RRCConnectionSetupReject as a response to RRCConnectionResumeRequest
· The RRC Resume message is sent on SRB1 with Integrity Protection, and optionally a RRCConnectionReconfiguration message is sent on SRB1 with Integrity Protection (and Ciphering)
· The reject message is sent on SRB0. 
· We confirm that key transformation based on provided NCC value can be done at every resume, and that count is then reset. This is done at every Resume. 
· The existing timer T300 is used for the RRC Resume procedure. The range for NB-IoT is FFS but can be the same for resume and establishment. Start/Stop conditions are as for LTE, but references to new messages for resume need to be added. 
· It shall be possible that ROHC can continue at resume. 

· We will not specify a UE internal variable with the detailed UE context to be stored at suspend. 
· The protocol entities for PDCP and RLC are kept when the RRC connection is suspended, and are re-established at RRC Resume. 

· MAC is reset at resume. 

· The UE will store it’s full Context at RRC Suspend, i.e. Configuration, security information, ROHC protocol state (i.e. nothing is released). 

· Up until reception of Msg 4, default configuations are used by the UE. 

· The configuration for the SRB1 transmission of MSG 4 is as follows: L1 and MAC: default configuration, SRB1 configuration is the configuration of the stored UE context. 
· The dedicated radio configuration in Msg 4 is a delta for the configuration in AS context. 
· If the delta configuration cannot be used or the resume cannot be executed at the eNB the eNB initiates either a reject or a setup. 
· At reject the UE stays suspended and keeps the stored UE context, or removes the stored UE context and goes to Idle, based on indication in the reject message. 
· At connection setup the stored UE context is removed and not used.
At the RAN2#93 meeting [5] the following was agreed:
· UE resets the COUNT at RRC resume
Note that the issue on receiving an RRCConnectionSetup message as a response to an RRCConnectionResumeRequest has already been agreed and is not part of this email discussion:
=>I.004: At resume failure/fallback, AS indicates failure to the higher layer
Note also that the definition of Resume UE context is also not part of this email discussion and instead treated as part of the “[93bis#30][LTE/CIOT opt] Stage 3 CR (Ericsson)” email discussion:
=> I.004: We clarify what is Resume UE context textually in one location, and we use this notation consistently + resumeIdentity. We discuss the deifinition in the ongoing CIOT resume email discussion
Background

1.1 Summary of proposed changes in RRC specification upon leaving RRC connected state

I.004 proposal [2]:
5.3.12
UE actions upon leaving RRC_CONNECTED
Upon leaving RRC_CONNECTED, the UE shall:

1>
reset MAC;

1>
stop all timers that are running except T320, T325 and T330;

1>
if leaving RRC_CONNECTED was triggered by suspension of the RRC:

2>
store the resumeIdentity, the full UE Context, including the ROHC state, the RLC entity and associated PDCP entity for all established RBs , along with the following information provided by E-UTRAN: 

3>
the resumeIdentity;

2>
indicate the suspension of the RRC connection to upper layers;

1>
else:

2>
release all radio resources, including release of the RLC entity, the MAC configuration and the associated PDCP entity for all established RBs;

2>
indicate the release of the RRC connection to upper layers together with the release cause;
Proposal [3]:
5.3.12
UE actions upon leaving RRC_CONNECTED
Upon leaving RRC_CONNECTED, the UE shall:

1>
reset MAC;

1>
stop all timers that are running except T320, T325 and T330;

1>
if leaving RRC_CONNECTED was triggered by suspension of the RRC:

2>
store the full UE Context, including the ROHC state, along with the following information provided by E-UTRAN: 

3>
the resumeIdentity;
2> re-establish RLC entities for all SRBs and DRBs;
2>
indicate the suspension of the RRC connection to upper layers;

1>
else:

2>
release all radio resources, including release of the RLC entity, the MAC configuration and the associated PDCP entity for all established RBs;
2>
indicate the release of the RRC connection to upper layers together with the release cause;
1.2 Summary of proposed changes in RRC specification at RRC connection resume (proposed new section 5.3.3.4a)

Proposal [3]:
5.3.3.4a
Reception of the RRCConnectionResume by the UE
The UE shall:
1>
stop timer T300;

1> restore the MAC main configuration from the stored UE context:
1>
restore RLC entities for all SRBs and DRBs that are established from the stored UE context;
1> restore re-establish PDCP and RLC entities for all SRBs and DRBs that are established from the stored UE context:;
1.3 Summary of proposed changes in RRC specification at RRC connection reject

I.004 Proposal [2]:
5.3.3.8
Reception of the RRCConnectionReject by the UE
The UE shall:

1> if the RRCConnectionReject is received in response to an RRCConnectionResumeRequest:

2>
if the rrcSuspendIndication is not present:

      3>
release resumeIdentity, the stored UE context, including the ROHC state, the RLC entity and associated PDCP entity for all established RBs;

1>
stop timer T300;

1>
reset MAC and release the MAC configuration;

1>
except for NB-IoT, start timer T302, with the timer value set to the waitTime;

1>
if the extendedWaitTime is present; and 

1>
the UE supports delay tolerant access or the UE is a NB-IoT UE:
2>
forward the extendedWaitTime to upper layers;
1.4 Summary of proposed changes in PDCP re-establishment procedure

Proposal [3]:
5.2
Re-establishment procedure
When upper layers request a PDCP re-establishment, the UE shall additionally perform once the procedures described in this section for the corresponding RLC mode. After performing the procedures in this section, the UE shall follow the procedures in subclause 5.1.
5.2.1

UL Data Transfer Procedures

5.2.1.1
Procedures for DRBs mapped on RLC AM
When upper layers request a PDCP re-establishment, the UE shall:

-
reset the header compression protocol for uplink and start with an IR state in U-mode (if configured) [9] [11] , except for during  RRC resume if drb-ContinueROHC is configured [3];
-
if connected as an RN, apply the integrity protection algorithm and key provided by upper layers (if configured) during the re-establishment procedure;
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure;

-
from the first PDCP SDU for which the successful delivery of the corresponding PDCP PDU has not been confirmed by lower layers, perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU prior to the PDCP re-establishment as specified below: 
-
perform header compression of the PDCP SDU (if configured) as specified in the subclause 5.5.4;
-
if connected as an RN, perform integrity protection (if configured) of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.7;
-
perform ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.6;
-
submit the resulting PDCP Data PDU to lower layer.
< skipped unrelated text>
5.2.2

DL Data Transfer Procedures
5.2.2.1
Procedures for DRBs mapped on RLC AM while the reordering function is not used
When upper layers request a PDCP re-establishment while the reordering function is not used, the UE shall:
-
process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.2, except for during RRC resume;

-
reset the header compression protocol for downlink and start with NC state in U-mode (if configured) [9] [11], except for during RRC resume if drb-ContinueROHC is configured [3];
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.

-
if connected as an RN, apply the integrity protection algorithm and key provided by upper layers (if configured) during the re-establishment procedure.
< new proposed section>
5.x
PDCP Procedures at RRC suspend
When the RRC connection is released with a suspend indication the UE shall:
-     for DRBs, process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.2;

-     for SRBs, discard the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers.
2 Discussion

2.1 Handling of PDCP and RLC entities at suspend/resume in RRC specification

2.1.1 Proposed changes in RRC specification upon leaving RRC connected state

At the RAN2#93bis meeting [4] it was agreed that an RLC entity is kept during RRC suspend/resume. In [3] it is proposed to re-establish RLC entities for all SRBs and DRBs, and this is proposed to ensure that all RLC SDUs already received in DL can be forwarded to higher layers and that the internal state of the RLC entity is reset.

It has also been agreed at the adhoc meeting [1] that the term “Resume UE context + resumeIdentity” shall be used when referring to the resume context of a UE.

Both of the above proposals and the have been captured in the following text proposal.
<Start of text proposal>
5.3.12
UE actions upon leaving RRC_CONNECTED
Upon leaving RRC_CONNECTED, the UE shall:

1>
reset MAC;

1>
stop all timers that are running except T320, T325 and T330;

1>
if leaving RRC_CONNECTED was triggered by suspension of the RRC:

2>
store the Resume UE context + resumeIdentity; 

2> re-establish RLC entities for all SRBs and DRBs;
2>
indicate the suspension of the RRC connection to upper layers;

1>
else:

2>
release all radio resources, including release of the RLC entity, the MAC configuration and the associated PDCP entity for all established RBs;
2>
indicate the release of the RRC connection to upper layers together with the release cause;
<End of text proposal>
2.1.2 Proposed changes in RRC specification at RRC connection resume

At the RAN2#93bis meeting [4] it was agreed that the RLC and PDCP entities are re-established at RRC resume. In [3] it is proposed to re-establish PDCP entities for all SRBs and DRBs, and that the RLC entities for all SRBs and DRBs are restored. The reason for not doing RLC re-establishment at resume is because it is proposed to instead be done at suspend, as mentioned above.

The above proposal has been captured in the following text proposal.
<Start of text proposal>
5.3.3.4a
Reception of the RRCConnectionResume by the UE
The UE shall:

1>
stop timer T300;

1> restore the MAC main configuration from the stored Resume UE context:

1> restore RLC entities for all SRBs and DRBs that are established from the stored Resume UE context:
 1> re-establish PDCP entities for all SRBs and DRBs that are established from the stored Resume UE context;
1>
release the stored Resume UE context;
<End of text proposal>
2.1.3 Proposed changes in RRC specification at RRC connection reject

In I.004 [2] it is proposed to release the resume UE context for all RBs if the “rrcSuspendIndicationt is not present when a RRC resume request is rejected.”
It has also been agreed that the term “Resume UE context + resumeIdentity” shall be used when referring to the resume context of a UE.
Both of the above proposals have been captured in the following text proposal.
<Start of text proposal>
5.3.3.8
Reception of the RRCConnectionReject by the UE
The UE shall:

1> if the RRCConnectionReject is received in response to an RRCConnectionResumeRequest:

2>
if the rrcSuspendIndication is not present:

3>
release the stored Resume UE context + resumeIdentity for all established SRBs and DRBs;

1>
stop timer T300;

1>
reset MAC and release the MAC configuration;

1>
except for NB-IoT, start timer T302, with the timer value set to the waitTime;

1> if the  extendedWaitTime is present; and

1> the UE supports delay tolerant access or the UE is a NB-IoT UE:

2>
forward the extendedWaitTime to upper layers;
<End of text proposal>

Companies are asked to indicate in the following table if they are fine with the above text proposals.

	PDCP and RLC handling at suspend/resume in RRC specification

	Company name
	Comments

	Nokia
	RAN2#93bis has agreed that “The protocol entities for PDCP and RLC are kept when the RRC connection is suspended, and are re-established at RRC Resume.” As Connection Suspend is always network-initiated, we understand as a reasonable implementation, network should not suspend an RRC connection if it still has DL data that the UE has not ACKed at RLC. So upon Suspend, all DL data should already be delivered correctly. We see no need to change RAN2 agreements. 

	Huawei, Hisilicon


	Firstly we think that we should obey the agreement in NB-IOT, it means that we only re-establish RLC and PDCP entity during resume procedure, not during suspend.

However, the suggested text proposal seems that the RLC and PDCP are re-established twice in both suspend and resume procedure. 

Secondly about what the “suspend” means and how to specify the “full UE context”, we understand that the “full UE context” cannot be present explicitly. 

We can just follow the initiate procedure upon detecting radio link failure and the re-establishment procedure after RLF to describe how the “full UE context” is stored and the RLC and PDCP are suspended, like the below text proposal. 

   Suspend part (like the initiate procedure upon detecting radio link failure ): 

1>
if leaving RRC_CONNECTED was triggered by suspension of the RRC:
2>
suspend all RBs except SRB0;

  Resume part (like the re-establishment procedure after RLF):

5.3.3.4a
Reception of the RRCConnectionResume by the UE

The UE shall:

1>
stop timer T300;

1> reset MAC:

1>
re-establish PDCP;

1>
re-establish RLC;

1> perform the radio resource configuration procedure in accordance with the received radioResourceConfigDedicated and as specified in 5.3.10;
1> perform the configuration in accordance with the received measConfig and antennaInfoDedicatedPCell conf ;

1>
resume all RBs;



	Intel
	On the UE behaviour on RLC and PDCP during resume and suspend, our view is that:
· There is no need for RLC re-establishment during suspend (we share Nokia Network’s view that suspend is only apply when there is no DL or UL data).

· The PDCP and RLC re-establishment should be used at resume.

Considering the comments provided by companies in email discussion [93bis#30], our understanding is that the PDCP and RLC handling at suspend/resume could be clarified when defining the "Resume UE context" or "cached UE context" and re-using the re-establishment procedure. Therefore the CR to TS 36.331 could be updated to capture that:

· The "cached UE context" includes all configuration provided to the UE, and the PDCP state (including the ROHC state) for all established radio bearers.
· The resume procedure follows similar behaviour as the re-establishment procedure. Therefore a UE, that resumes the RRC connections, uses the default configuration during the RACH procedure and upon receiving RRC Connection Resume (in msg.4), the UE applies the delta configuration (that the UE would receive in that msg.4) on stored configuration (as part of the "cached UE context".

We do not see it essential but if companies preferred, we could also further clarified the scope "all configuration provided to the UE" i.e. PDCP, RLC, MAC PHY, and measurements configuration,
In addition, considering previous points, the expected to also be captured in the CR to TS 36.331 is the following:

1) When suspending the RRC connection

· The resumeIdentity and "cached UE context" are stored. 

2) When resuming the RRC connection successfully

· The "cached UE context" are re-established accounting for the delta configuration that might be conveyed the UE in msg.4.

· Afterwards the resumeIdentity and "cached UE context" are discarded.

3) When resuming the RRC connection fails but (a) fall-backs to establish the connection (i.e. RRC Connection Setup is sent in response to RRC Connection Resume Request message) or (b) the RRC connection is released (i.e. RRC Connection Reject is sent in response to RRC Connection Resume Request message):

· The resumeIdentity and "cached UE context" are discarded. 

4) When resuming the RRC connection fails and the RRC connection is still suspended (i.e. RRC Connection Reject with the suspend indication is sent in response to RRC Connection Resume Request message): 

· The resumeIdentity and "cached UE context" are stored.



	Ericsson
	Our understanding is that the eNB cannot at RRC suspend avoid the case when there is data in the RLC reception buffer.

The actions done at RLC re-establishment is intended to clear the context of the RLC entity, such as removing any remaining RLC data PDUs, or RLC control PDUs, as well as stopping and resetting any timers. Our understanding is therefore that it is more optimal and more logical to perform this cleanup at suspension instead of at resume, because it seems unnecessary to have an RLC entity not properly cleared while the UE is suspended. This will in addition allow any RLC SDUs that can be completely reassembled to be transferred to higher layers.
In our proposal we do perform PDCP re-establishment at RRC resume, as was agreed at the last meeting.
We do not understand Huawei’s comment that the re-establishment procedure is performed twice, since in the RRC specification it is clearly stated exactly when the procedure is performed.
We do agree that suspending the radio bearers at suspend should be added, however we also think that the RLC entities should be re-established at RRC suspend in order to remove any hanging RLC PDUs in the RLC entity and in order to forward to higher layers any RLC PDUs that can be successfully re-assembled.
Performing re-establishment of the RLC entity at RRC resume is in our view not useful, because in the current standard RLC re-establishment is always done in combination with cleaning up a connection, and should therefore be done at RRC suspend and not RRC resume (which may happen several days after the suspend).


Handling of PDCP entities at suspend/resume in PDCP specification

2.1.4 Proposed changes in PDCP specification upon leaving RRC connected state

At the RAN2#93bis meeting [4] it was agreed that RoHC can continue at resume, and at the RAN2#93 meeting [5] it was agreed that the UE will reset COUNT at resume.

Also, in [3] it has been proposed to capture that the reception of PDCP PDUs from lower layers may happen due to the re-establishment of lower layers, and this will happen at suspend and not at resume.

All of the above proposals have been captured in the following text proposal.
<Start of text proposal>
5.2.1
UL Data Transfer Procedures

5.2.1.1
Procedures for DRBs mapped on RLC AM
When upper layers request a PDCP re-establishment, the UE shall:

-
reset the header compression protocol for uplink and start with an IR state in U-mode (if configured) [9] [11], except for during RRC resume if drb-ContinueROHC is configured [3];
-
if connected as an RN, apply the integrity protection algorithm and key provided by upper layers (if configured) during the re-establishment procedure;
-
if RRC resume, set Next_PDCP_RX_SN, and RX_HFN to 0;
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure;

-
from the first PDCP SDU for which the successful delivery of the corresponding PDCP PDU has not been confirmed by lower layers, perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU prior to the PDCP re-establishment as specified below: 
-
perform header compression of the PDCP SDU (if configured) as specified in the subclause 5.5.4;

-
if connected as an RN, perform integrity protection (if configured) of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.7;

-
perform ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.6;
-
submit the resulting PDCP Data PDU to lower layer.
<Skip unrelated parts>
5.2.2
DL Data Transfer Procedures
5.2.2.1
Procedures for DRBs mapped on RLC AM while the reordering function is not used
When upper layers request a PDCP re-establishment while the reordering function is not used, the UE shall:
-
process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.2, except for during RRC resume;

-
reset the header compression protocol for downlink and start with NC state in U-mode (if configured) [9] [11], except for during RRC resume if drb-ContinueROHC is configured [3];
-
if RRC resume, set Next_PDCP_TX_SN, and TX_HFN to 0;
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.
-
if connected as an RN, apply the integrity protection algorithm and key provided by upper layers (if configured) during the re-establishment procedure.
<Skip unrelated parts>
5.x PDCP Procedures at RRC suspend
When the RRC connection is released with a suspend indication the UE shall:
-     for DRBs, process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.2;
-     for SRBs, discard the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers.
<End of text proposal>
Companies are asked to indicate in the following table if they are fine with the above text proposals.

	PDCP handling at suspend/resume in PDCP specification

	Company name
	Comments

	Nokia
	It seems that wrong variables are used, e.g. Next_PDCP_TX_SN and TX_HFN should be Next_PDCP_RX_SN and RX_HFN for DL Data Transfer Procedures.
In addition, as RAN2 agreed to reset the COUNT at RRC resume, then also Last_Submitted_PDCP_RX_SN (which determines the location of the reception window in the PDCP-SN space) should be re-initialized, which seems to be missing in this TP.

	Huawei, Hisilicon

	We are ok with the changes in section 5.2.1.1 and 5.2.2.1. However we think the section”5.x PDCP Procedures at RRC suspend” is not needed because we think the behaviour of suspend is totally like the initiate the procedure upon detecting radio link failure. It just impacts the RRC specification.
The suggested text proposal seems that the RLC and PDCP are re-established twice in both suspend and resume procedure. It does not align with the agreement.

	Intel
	We are ok in principle section 5.2.1.1 and 5.2.2.1 and share similar point raised by Nokia Network. However, we suggest to change the proposed text to avoid referring to RRC procedures in TS 36.321 (as per e.g. “during RRC resume”). We also think that the new section 5.x "PDCP Procedures at RRC suspend" might not be needed.

	Ericsson

	Yes, we agree with Nokia, this should be corrected (corrected in this version).
The suspend part in the PDCP specification is intended to be performed at RRC suspend, and our understanding is that we need this corresponding action in PDCP when RLC re-establishment is performed at RRC suspend.


3 Summary of email discussion

Four answers have been received for this email discussion, from Nokia, Huawei, Intel and Ericsson.

There are two different views:
1. Nokia, Huawei and Intel prefer to keep the agreement made at RAN2#93bis and trigger the RLC re-establishment procedure at RRC resume instead of at RRC suspend. 
2. Ericsson proposes to trigger the RLC re-establishment procedure at RRC suspend instead of at RRC resume. Their main argument for making this change is that the RLC re-establishment procedure is mainly used for cleanup purposes, and it ensures that the UE will not have to keep an RLC entity in suspended state that has any hanging RLC PDUs waiting in the RLC reception window.
4 Proposed way forward
As no converging view could be reached RAN2 should discuss and agree on the proper handling at the RAN2#94 meeting.
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