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Introduction
In the last RAN2 meeting, the processing delay requirement for the UE RRC procedure was briefly discussed and it was decided to discuss the processing delay requirement for messages via SRB1 with embedded NR message and messages via SRB3. 
In this contribution, the factors that affect the processing delay requirement for messages via SRB 1 with embedded NR message are listed and discussed
Discussion
Processing delay requirement in LTE
In LTE, RRC includes processing delay requirements so the eNB knows when it can schedule an UL grant for responses to RRC messages processed by the UE.  
If the eNB does not know when to schedule the UL grant there could be wasted network resources if scheduled before a reply is ready and/or higher UE power consumption/unnecessary UL interference when UE responds to those UL grants unnecessarily (e.g. containing only BSR with empty buffer), or the eNB can wait longer (e.g. wait for SR from UE) before scheduling the UL grant adding latency.
Currently, the UE processing delay is represented by N where N = the number of 1ms subframes from the end of reception of the E-UTRAN -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> E-UTRAN response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation). The RRC processing delay is as shown below:


Based on the above definition of RRC processing delay on the LTE side, the following delay is included in the UE processing delay:
1. L1 processing of the DL transmission
1. L2 processing of the MAC PDU, RLC PDU and PDCP PDU
1. RRC decoding of the DL RRC message (i.e. decoding the RRCConnectionReconfiguration message) 
1. Performing necessary UE actions such as L1/2 reconfiguration provided in the DL RRC message, and 
1. RRC encoding of the UL RRC response message (i.e. encoding the RRCConnectionReconfigurationComplete message)

In the following section, we discuss how each of the above may have changed relative to LTE.
Factors that affect the processing delay requirement for RRC message
For (i) and (ii) above, the baseline is that the delay will be the same as in LTE (except that the PDCP may be NR PDCP for SRB1 and SRB2). 
For (iii), there is no change in delay on decoding the LTE RRC message.  However, the following may increase the processing at the RRC level:
1. A parallel message may be received on the SN side, as UE can receive parallel message from SCG SRB3 as well as from the SRB 1 (via MCG).  
2. For an LTE message embedded with an NR message, the UE needs to decode the LTE message before it can process the NR RRCReconfiguration message and LTE response message needs to wait for the NR RRCReconfigurationComplete message before it can be sent. Factors that may increase the UE processing time
· Required double decoding and encoding on the UE RRC level (decode LTE Message and then NR Message; encode LTE response message and also the NR Message). NR message can contain the SCG configuration, radioBearerConfiguration and SN measurement configuration.
· Configuration coordination between SCG addition/change or SCG Scell addition/release and MCG Scell addition/release: 
· The configuration by the LTE MCG and NR SCG side may not be coordinated within the UE which may result in separate Pcell interruption time due to RF retuning. In LTE CA and DC, SCG addition/release or MCG/SCG Scell addition/release (particularly for intra-band contiguous) will result in RF retuning in which Pcell interruption occurs. RAN 4 has asked RAN 2 to include a 5ms in the UE processing for such RF retuning.
· The SCG configuration in NR message and the MCG configuration in LTE message needs to be applied in sequential steps (i.e. the concept of release before add) in order to avoid UE capabilities being exceeded in the processing.
· Capability coordination during SCG addition/change, SCG/MCG Scell addition/release & measurement configuration 
· The UE needs to evaluate the LTE and NR message to find out whether the configuration is valid
· Need to coordinate within the UE RRC on checking of the band and baseband combination (and measurement configuration) over the LTE and NR

Further, many advanced features (e.g. multi-beams, BWP etc.) were introduced which may cause further complexity in UE configuration. 

For 1), as it is agreed that the UE processes the joint message one at a time, it can be assumed that the RRC processing time should consider that the UE is processing 1 NR message at a time, regardless of whether the NR Message is received as part of LTE message or received via SCG SRB3. Hence it is proposed that:
Proposal#1: RRC processing delay requirement only considers the case where the UE is processing 1 NR message at a time, regardless of whether the NR Message is received as part of LTE message or received via SCG SRB3.
For 2), they are all factors that will affect the RRC processing time, which RAN2 has to consider when determining the RRC processing time.
Proposal#2: RRC processing delay requirement should consider the following factors:
· Require double decoding and encoding on the UE RRC level (decode LTE Message and then NR Message; encode LTE response message and also the NR Message). NR message can contain the SCG configuration, radioBearerConfiguration and SN measurement configuration.
· Configuration coordination between SCG addition/change or SCG Scell addition/release and MCG Scell addition/release: 
· The configuration by the LTE MCG and NR SCG side may not be coordinated within the UE which may result in separate Pcell interruption time due to RF retuning. In LTE CA and DC, SCG addition/release or MCG/SCG Scell addition/release (particularly for intra-band contiguous) will result in RF retuning in which Pcell interruption occurs. RAN 4 has asked RAN 2 to include a 5ms in the UE processing for such RF retuning.
· The SCG configuration in NR message and the MCG configuration in LTE message needs to be applied in a sequential steps (i.e. the concept of release before add) in order to avoid UE capabilities being exceeded in the processing.
· Capability coordination during SCG addition/change, SCG/MCG Scell addition/release & measurement configuration 
· The UE needs to execute the LTE and NR message to find out whether the configuration is valid
· Need to coordinate within the UE RRC on checking on the band and baseband combination (and measurement configuration) over the LTE and NR
· Increase in complexity of UE configuration due to introduction of many advanced features in NR (e.g. multi-beams, BWP, SUL etc.)

Effect of Control Plane latency
RAN had a conclusion from early in the study that it was not necessary to meet the CP latency requirements for EN-DC. This is specified in Section A.1 of TS38.804:
 ‘RAN2 understands that the C plane latency requirement from the RAN requirements TR does not have to be met for the LTE-NR interworking case.’ 
Also from RAN LS R2-166020 to RAN 2, it is quoted that “In the context of the NR Study Item, the control plane latency requirement applies for the case when NR is the anchor.” That would be applicable for SA only. 
Observation#0: RAN had a conclusion that control plane latency should apply for NR SA only.
Even if EN-DC configuration is to be considered for control plane latency requirement, it should consider time critical procedures from end to end delay perspective also considering UE, network node processing and interface delays.
As in 38.913, control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).  For the control plane latency from idle to RRC Connected mode with EN-DC configuration, it can be seen from the following message sequence chart for the blind SN addition case that there is not only an increase in the number of messages over the Uu but also additional messaging between the MN and SN (as highlighted in red boxes). This will definitely add to the increase in the end-to-end delay for control plane latency. If SN addition is based on measurement configuration and reporting, further messaging over the Uu and thus delay is foreseen.


Observation#1: For idle mode to RRC Connected mode transition with EN-DC configuration, there is an increase in the number of messages over the Uu and also additional messaging between the MN and SN resulting in the increase in the end-to-end delay for control plane latency.
For idle mode (with suspended state) to RRC Connected mode transition with EN-DC, current RAN2 agreement is not to support EN-DC as part of the Suspended UE context. This would mean that all the MCG configuration and SCG configuration is released during suspend. During resume, the network has to setup not only just the MCG configuration but also the SCG configuration together with any SCG anchored bearer via the SN addition procedure. As shown in the sequence chart below, there is additional messaging between the MN and SN/MN and also between MME and MN, if UE mobility is considered as well as further measurement configuration and reporting for the SCG addition.


Observation#2: For idle mode (with suspended state) to RRC Connected mode transition with EN-DC, current RAN2 agreement is not to support EN-DC as part of the Suspend. This would mean that it would require SN addition procedure as well as if UE mobility is considered, UE context fetching between source and target MN as well as further measurement configuration and reporting for the SCG addition.
[bookmark: _GoBack]Proposal#3: If, in future, EN-DC configuration were ever to be considered for CP latency, CP latency analysis should be considered from end-to-end delay perspective taking into consideration the initial state of the UE, and UE and network node processing and interface delays. 
Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following proposals and observations:
Proposal#1: RRC processing delay requirement only considers the case where the UE is processing 1 NR message at a time, regardless of whether the NR Message is received as part of LTE message or received via SCG SRB3.
Proposal#2: RRC processing delay requirement should consider the following factors:
· Require double decoding and encoding on the UE RRC level (decode LTE Message and then NR Message; encode LTE response message and also the NR Message). NR message can contain the SCG configuration, radioBearerConfiguration and SN measurement configuration.
· Configuration coordination between SCG addition/change or SCG Scell addition/release and MCG Scell addition/release: 
· The configuration by the LTE MCG and NR SCG side may not be coordinated within the UE which may result in separate Pcell interruption time due to RF retuning. In LTE CA and DC, SCG addition/release or MCG/SCG Scell addition/release (particularly for intra-band contiguous) will result in RF retuning in which Pcell interruption occurs. RAN 4 has asked RAN 2 to include a 5ms in the UE processing for such RF retuning.
· The SCG configuration in NR message and the MCG configuration in LTE message needs to be applied in a sequential steps (i.e. the concept of release before add) in order to avoid UE capabilities being exceeded in the processing.
· Capability coordination during SCG addition/change, SCG/MCG Scell addition/release & measurement configuration 
· The UE needs to execute the LTE and NR message to find out whether the configuration is valid
· Need to coordinate within the UE RRC on checking on the band and baseband combination (and measurement configuration) over the LTE and NR
· Increase in complexity of UE configuration due to introduction of many advanced features in NR (e.g. multi-beams, BWP, SUL etc.)

Observation#0: RAN had a conclusion that control plane latency should apply for NR SA only.
Observation#1: For idle mode to RRC Connected mode transition with EN-DC configuration, there is an increase in the number of messages over the Uu and also additional messaging between the MN and SN resulting in the increase in the end-to-end delay for control plane latency.
Observation#2: For idle mode (with suspended state) to RRC Connected mode transition with EN-DC, current RAN2 agreement is not to support EN-DC as part of the Suspend. This would mean that it would require SN addition procedure as well as if UE mobility is considered, UE context fetching between source and target MN as well as further measurement configuration and reporting for the SCG addition.
Proposal#3: If, in future, EN-DC configuration were ever to be considered for CP latency, CP latency analysis should be considered from end-to-end delay perspective taking into consideration the initial state of the UE, and UE and network node processing and interface delays. 
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