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1 Introduction
One objective of DC/CA enhancement WI is the low latency serving cell configuration/activation/setup.

RP-181469 [1]:
Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]
o
This objective applies to MR-DC, NR-NR DC and CA

o
The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode
In the contribution, we focus on reducing SCG setup latency in DC though skipping the RACH procedure in PSCell.
2 Discussion
2.1 Intention of introducing RACH-less in NR SN addition/change  
RACH procedure is used during traditional HO to obtain the Timing Advance (TA) value and the UL grant for the target cell. In LTE Rel-14 WI of mobility enhancement, it was specified RACH-less HO can be applied in the following 2 scenarios: 

· Target MeNB TA is same as MeNB TA (i.e. synchronous network deployment) 
· TA= 0 (e.g. small cell deployment)
As RACH-Less HO eliminates the RACH procedures, the UE needs to obtain the target cell TA, UL grant information through other means. 
Observation 1: In LTE rel-14, RACH-less HO can be applied only if the target and source cells are synchronous or no timing advance is needed at the target cell.

And RACH-less HO is also applied to SN change in dual connectivity. 
Observation 2: In LTE rel-14, RACH-less HO is also applied to SN change/addition in LTE DC.
Note that SN change/addition in MRDC are also important procedure in NR. Generally, a RACH attempt procedure during handovers typically takes ~10~12 ms in LTE. In NR, this latency may be even longer than LTE because of the long periodicity of SSB transmission. Specifically, in NR rel-15, the UE has to wait Msg 2 after the transmission of Msg 1. If Msg2 is not received, the UE retransmits Msg1 in the next RACH occasion. It will incur a long latency (e.g. typically 20ms for each RACH occasion).
Observation 3: In LTE, a RACH attempt procedure during handover typically takes ~10~12 ms in LTE. In NR, this latency may be even longer than LTE because of the sparse transmission of SSB.
Therefore, we think that to reduce latency of SN addition, RACH procedure to acquire PSCell timing can be avoided.
Observation 4: To reduce latency of SN addition, RACH procedure to acquire PSCell timing can be avoided. 

2.2 Design of RACH-less in NR SN addition/change
As we analysed in last section, it is straight forward to support RACH-less operation in PSCell for SN addition at least in same network deployments specified for LTE RACH-less (i.e. synchronous network or no TA).
Proposal 1: Support RACH-less operation in PSCell for SN addition at least in same network deployments specified for LTE RACH-less (i.e. synchronous network or no TA). 

LTE RACH-Less HO supports the below options for obtaining UL grant to transmit the RRC Reconfiguration complete on the target cell, when RACH is not performed during RACH-Less HO:

· UE is provided with preconfigured UL grant information optionally in the RRC Reconfiguration message sent to configure RACH-Less HO; or

· UE monitors the target gNB PDCCH to obtain the UL grant, when preconfigured UL grant information is not provided.

Considering the similarity between LTE and NR, we think most of LTE RACH-less design can be reused. We think that these two options are introduced as baseline options for receiving UL grant in NR as well, as it provides flexibility on the UL resource configuration. 

Proposal 2: The following LTE RACH-less design can be reused as baseline of NR RACH-less in PSCell for SN addition/change:
· The preallocated UL grant configuration can be optionally sent in the RRC Reconfiguration message 

· The preallocated UL grant configuration includes scheduling offset / interval and number of configured HARQ processes

· The preallocated UL grant resource is released when T304 expires or upon successful RACH-less procedure completion in PSCell. 
· UE monitor the PDCCH of target gNB for UL grant when preallocated UL grant is not configured.
For NR specific RACH-less design, we think that the key difference is the mmW deployment. As we know, mmW deployment needs to support multi-beam operation, where one beam may degrade quickly. Then if only one beam of target PSCell is provided, then SN addition may be failed if this beam outdated. Therefore, Rel-15 finally agreed that during HO, multiple beams of target cell can be provided in HO command for UE to configure CFRA resources of target cell. Similarly, for the transmission of the first PUSCH of target SgNB in NR RACH-less, we think the similar approach is required to be introduced to increase robust of RACH-less, especially in mmW deployment, i.e. multiple candidate beams info of target SgNB can be provided in preallocated UL grant for UE to select a suitable beam to send first PUSCH in target SgNB. Meanwhile, the target SgNB may also optionally include the multiple candidate beams info for PDCCH monitoring, when the UE is not provided with preallocated UL grant. The multiple candidate beams to consider for UL transmission after HO can be selected by the target cell based on the beam measurement information sent by the UE. UE sends this beam measurement information in the measurement report as requested by the source cell, and, source cell forwards this information to the target SgNB to allow the target SgNB to choose the multiple candidate beams for RACH-Less operation.
Observation 5: NR mmW deployment needs to support multi-beam operation, where one beam may degrade quickly. Then if only one beam of target PSCell is provided, then transmission of first PUSCH in target SgNB for RACH-less may be failed if this beam outdated. 
Proposal 3: Different from LTE RACH-less, multiple candidate beams info of target SgNB can be provided in the HO message to allow the UE to select a suitable beam to transmit PUSCH in target cell.

In LTE, RACH-Less HO is considered as failed only when the T304 timer, i.e. the traditional HO timer, expires, and, UE performs RRC Reestablishment procedure on T304 expiry. T304 timer may be configured to a large value and waiting till this timer expires and then performing RRC Reestablishment, would result in longer mobility interruption time. Thus, we think it is necessary to optimize the LTE RACH-Less HO failure handling in NR to improve the mobility robustness and also minimize the mobility interruption time during NR RACH-Less HO.  
Observation 6: LTE RACH-Less HO failure handling can result in longer mobility interruption time and enhancements can be discussed for NR RACH-Less HO failure handling. 
To minimize the mobility interruption when NR RACH-Less HO fails, we propose to introduce a new RACH-Less HO timer configured to run on the UE. This timer should be set a value smaller than the T304 timer, and, the UE fallbacks to CBRA on the target cell on the RACH-Less HO timer expiry. This additional timer reduces the occurrence of T304 expiry due to RACH-Less HO failure and thus eliminates RRC Reestablishment on every RACH-Less HO failure. 

Proposal 4: Different from LTE RACH-less, introduce a new timer for RACH-less running in UE side. If the new timer expires, NR RACH-less failed. Then UE will fall back to perform CBRA in target PSCell.  

Finally, note that RACH-less in asynchronous network deployment was also studied in LTE rel-14 mobility enhancement. However, it was finally left out because significant changes were needed to obtain and deliver the timing alignment for the target cell. This limits the possibility of using RACH-Less HO for the Inter-gNB HO scenarios, which are common HO scenarios that can occur during mobility. For NR, we think the supporting of RACH-less in asynchronous network needs further study because NR is new system and multiple new features different from LTE have been introduced (e.g. RRC inactive state). Therefore, we think that RAN2 should further study whether asynchronous network can support RACH-less for fast SN addition. If necessary, RAN2 sends LS to RAN1/RAN4 on its feasibility.
Proposal 5: RAN2 further study whether asynchronous network can support RACH-less for fast SN addition. If necessary, RAN2 sends LS to RAN1/RAN4 on its feasibility.
3 Summary
In the contribution, we discuss reducing SCG setup latency in DC though skipping the RACH procedure in PSCell. We propose:
Observation 1: In LTE rel-14, RACH-less HO can be applied only if the target and source cells are synchronous or no timing advance is needed at the target cell.
Observation 2: To reduce latency of SN addition, RACH procedure to acquire PSCell timing can be avoided. 

Observation 3: In LTE, a RACH attempt procedure during handover typically takes ~10~12 ms in LTE. In NR, this latency may be even longer than LTE because of the sparse transmission of SSB.

Observation 4: To reduce latency of SN addition, RACH procedure to acquire PSCell timing can be avoided. 

Observation 5: NR mmW deployment needs to support multi-beam operation, where one beam may degrade quickly. Then if only one beam of target PSCell is provided, then transmission of first PUSCH in target SgNB for RACH-less may be failed if this beam outdated. 

Observation 6: LTE RACH-Less HO failure handling can result in longer mobility interruption time and enhancements can be discussed for NR RACH-Less HO failure handling. 
 

Proposal 1: Support RACH-less operation in PSCell for SN addition at least in same network deployments specified for LTE RACH-less (i.e. synchronous network or no TA) 

Proposal 2: The following LTE RACH-less design can be reused as baseline of NR RACH-less in PSCell for SN addition/change:
· The preallocated UL grant configuration can be optionally sent in the RRC Reconfiguration message 

· The preallocated UL grant configuration includes scheduling offset / interval and number of configured HARQ processes

· The preallocated UL grant resource is released when T304 expires or upon successful RACH-less procedure completion in PSCell. 
· UE monitor the PDCCH of target gNB for UL grant when preallocated UL grant is not configured.
Proposal 3: Different from LTE RACH-less, multiple candidate beams info of target SgNB can be provided in the HO message to allow the UE to select a suitable beam to transmit PUSCH in target cell.
Proposal 4: Different from LTE RACH-less, introduce a new timer for RACH-less running in UE side. If the new timer expires, NR RACH-less failed. Then UE will fall back to perform CBRA in target PSCell.  

Proposal 5: RAN2 further study whether asynchronous network can support RACH-less for fast SN addition. If necessary, RAN2 sends LS to RAN1/RAN4 on its feasibility.
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