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1 Introduction

In RAN2 #97, the following agreement was made [1]:

=>
Split SRB for EN-DC is supported

Furthermore, in RAN2 #97bis, the following agreements were made [2]:

=>
Split SCG SRB for LTE/NR dual connectivity will not be supported in Rel-15

Agreements:

1: RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)

2: only one additional leg is configured for PDCP duplicates.

3: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.

FFS whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. (Noting that we have already agreed that they can be sent on different carriers)

4:
PDCP duplication solution for CA requires only one MAC entity.

5
logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).

Agreements

1
Duplicate detection and discard functionalities for SRBs should be introduced in LTE PDCP to support duplication via split SRB in LTE-NR tight interworking scenarios where LTE is the MN.
Agreements

1: Split SRB is supported for both SRB1 and SRB2. (Split SRB is not supported for SRB0)

2: Split SRB should be decided and configured by MN in SeNB addition and/or Modification procedure, with SN configuration part provided by SN. (RAN3 can discuss whether there are cases where the SN may need to reject the split SRB configuration)

3:
For MCG split SRB, in downlink, selection of transmission path depends on network implementation.

In this contribution, we further discuss the split SRB.
2 Split SRB in NSA 
Dual connectivity (DC) in LTE was introduced to improve UE throughput by utilizing the resources of two different eNBs.  In LTE DC, each DRB can be configured as either an MCG DRB, SCG DRB, or split DRB.  In the case of a split DRB, data can be transmitted by the UE/MeNB over the radio interface of either the MeNB or SeNB.

Split bearers in LTE were designed only for DRBs, and RRC signalling is always transmitted/received by the MeNB over the MCG.  For DRB, routing rules are defined to provide improved load balancing and throughput.  
For EN-DC, it was agreed to support split SRBs and SRB duplication for reliability and latency of RRC signalling.  As a result, aspects related to configuration and routing need to be revisited for the design of split and/or SRB duplication.  Although some design criteria are common between SRBs and DRBs (e.g. duplication may be performed always in PDCP), the differences between data and RRC signalling should be considered when determining split SRB configuration and routing rules. 
Observation 1:
Split SRB configuration and routing should be designed for reliability and latency rather than load balancing.

For NSA, it was agreed that split SRB is supported for both SRB1 and SRB2, but not for SRB0.  Given that different messages and procedures go over SRB1 and SRB2, the network should be able to configure SRB1 or SRB2 or both as split SRBs.  The setup of SRB1 and SRB2 is done separately for each SRB and therefore, the configuration of split SRB for each of SRB1 and SRB2 can be easily implemented using similar modelling to DRB.  
Proposal 1:
Each of SRB1 and SRB2 can be configured individually as split SRB or non-split SRB.  

In LTE, a DRB can be configured as split or non-split and this configuration applies for UL as well as DL.  While the split nature applies to the bearer and is independent of the direction, routing can be performed/configured differently based on the direction.  A single split configuration attached to the bearer and not the direction results in the simplest design and should be considered as the baseline for split SRB.
Proposal 2:
Configuration of an SRB as split or non-split applies to both UL and DL.    

The routing direction for split DRBs in the DL is determined by the MeNB in LTE.  In EN-DC, the same was agreed for the split SRB in the DL.  The network will therefore determine when to perform duplication (i.e. transmit an RRC message to both LTE and NR “legs”) and in the case duplication is not performed, when to transmit the message on the MCG or SCG.  
In the case of UL, one simple approach that was discussed in RAN2#97bis is to always perform duplication in UL on split SRB.  In this case, no rules for determination of duplication need to be specified, and configuration of the split SRB is straightforward.  However, there will be cases where the UE will not benefit from duplication of RRC signalling, and such duplication will result in unnecessary power consumption and waste of resources.  This may happen if one of the two legs is reliable enough to deliver the RRC signalling to the network, or if one of the two legs is temporarily experiencing PHY layer problems or latency.  
Another option would be to allow a UE configured with split SRB to benefit from the diversity of the two links without the need to transmit to both simultaneously.  This approach is inline with the network routing for DL.  Since the reliability and latency associated with SRB apply to both UL and DL RRC messages, allowing a split SRB to utilize either one path or both to transmit RRC signalling is a principle that should be consistent for both UL and DL. 
Proposal 3:
A UE configured with split SRB can transmit RRC messages to MCG, SCG, or both.  
Once a split SRB is configured, RRC signalling can be used to indicate to the UE when to turn on/off duplicate transmission.  The network may determine, based on measurements or reliability requirements for a given SRB to allow the UE to perform duplication.  
Proposal 4:
A UE can be configured to perform UL duplication for a split SRB via RRC signalling
As explained in our companion contribution [3], a number of conditions need to be satisfied for duplication to actually provide a benefit.  Namely, there should not be a too big discrepancy between the average SNR (at the receiver) of the legs, otherwise the diversity gain could be small. More importantly, there should not be a large time difference between initiation of transmission of duplicates.  

 For NR, specifically in high frequency operation, fading is more pronounced than in LTE and channel conditions may quickly vary.  As a result, the conditions for duplication to be beneficial may vary dynamically in a short term basis, and therefore it is beneficial to introduce a mechansim to allow control of this functionality at a faster rate than using RRC signalling only.  
Proposal 5:
Dynamic control of SRB duplication is supported 
For the case where the UE does not perform duplication, it needs to select one of the two links to transmit UL RRC messages on the split SRB.  Two options are possible for this selection: 1) configuration of the path via RRC signalling, or 2) the UE could decide (e.g. on a per RRC message basis) which link to transmit to.  A UE decision could further be based on some configured rules (e.g. measurements) and associated thresholds, or based on UE implementation (e.g. the first available grant).
In LTE, both of the above options are used and the UE determines the option to use based on UE buffer occupancy.  Specifically, if the buffer occupancy for a DRB is below ul-DataSplitThreshold (or if a threshold is not configured), the UE always sends to the network configured link.  Otherwise, the UE can send to any of the links depending on UE implementation and availability of grants.

For split SRB in EN-DC, given that the main purpose is reliability, it would be preferable to always sent the SRB data over the most reliable/best link to improve the likelihood of successful transmission without the need for retransmission.  
For example, the UE may take advantage of latency gains achievable with NR, but could still fallback to the LTE link during these temporary fades.  In addition to link reliability, latency also has to be taken into account (e.g. potential backhaul latency).  While the network is aware of the backhaul latency it may not be aware of the link quality experienced on the other node and it may therefore not be able to determine which one is the best link.  On the other hand the UE is aware of the channel quality but may not be aware of network incurred latencies.   

We think that a simple mechanism which takes into account both network preference and channel quality should be considered.  The network can configure the UE with a preferred link for split SRB which the UE favors unless certain conditions on the preferred link are no longer met.  For example, if the preferred link channel quality goes below a threshold or the out-of-sync critiria is met on that link, the UE may chose to the use the alternate link to increase the probability of the successful SRB transmission.  This would ensure that under normal conditions SRBs are always trasnsmitted on the preferred link, and the alternate link is only used in problematic circumstances.  
Proposal 6:
For a split SRB without duplication, the UE transmits UL SRB on a NW configured preferred link.  The UE can transmit on alternate link if a radio link problem on the preferred link is detected.   
3 Conclusion

In this contribution the following observations we made related to routing for the split SRB:

Observation 1:
Split SRB configuration and routing should be designed for reliability and latency rather than load balancing.

Based on this, the following proposals were made:

Proposal 1:    Each of SRB1 and SRB2 can be configured individually as split SRB or non-split SRB.
Proposal 2:
Configuration of an SRB as split or non-split applies to both UL and DL.    

Proposal 3:
A UE configured with split SRB can transmit RRC messages to MCG, SCG, or both.  
Proposal 4:
A UE can be configured to perform UL duplication for a split SRB via RRC signalling
Proposal 5:
Dynamic control of SRB duplication is supported 
Proposal 6:
For a split SRB without duplication, the UE transmits UL SRB on a NW configured preferred link.  The UE can transmit on alternate link if a radio link problem on the preferred link is detected.   
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