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1	Introduction
The objectives of the work item on NR mobility enhancements are described in [1] as follows:
	· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 


 
RACH-less HO for NR has been also discussed at RAN2#105bis [5], but no agreements were made.
In this contribution, we study RACH-less handover (HO) in NR system applying beam transmission.
2	Discussion
2.1	RACH-less Handover in LTE
The description of the RACH-less HO in LTE is provided in [2]. The main difference with the conventional HO procedure is that the UE performs access to the target cell by transmitting directly Msg3 which corresponds to RRC Connection Reconfiguration Complete message. That is the UE would skip the transmission of a Physical RACH (PRACH) preamble (Msg1) and the reception of a RACH response (Msg2) as shown in Fig. 1.
Observation 1: In RACH-less handover, the service interruption time is reduced by the time duration needed for acquiring a RACH occasion to send the preamble and receive a RACH response.
For transmitting Msg3 directly, the UE requires an uplink (UL) grant and proper timing advance (TA).  In some scenarios, e.g., co-located source and target cells, small cells, the UE may use the TA of the source cell directly for the target cell. As stated in [2], the HO command may include a timing adjustment indication for the target cell that is either set to null or equal to that of the source eNB. Moreover, the HO command message may include a pre-allocated UL grant for accessing the target cell using Msg3. If pre-allocated UL grant is not included in the HO command, the UE should monitor PDCCH of the target cell to receive an UL grant for sending Msg3.
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Figure 1: RACH-less HO in LTE.
2.2	RACH in NR
Unlike the LTE system, the RACH procedure in NR system applying beam sweeping is not only used to acquire an UL grant and TA, but also to assist the serving cell and the UE to configure their transmit (TX) and receive (RX) beams for user data and signalling exchange. An illustration of RACH procedure in NR is shown in Fig. 2 assuming beam correspondence at the TX and RX sides, i.e., TX beam can be used as RX beam.
[image: ]
Figure 2: RACH in NR.
For PRACH transmission, the UE selects the preamble that is associated with the SS/PBCH block having, e.g. the strongest received signal. Similar to the beam sweep for SS/PBCH block transmission, the gNB performs a beam sweep for its RX beams to receive PRACH preambles transmitted by the UEs. Upon detecting a preamble on a specific RX beam, the gNB will set its RX beam as TX beam to send the RACH response. The transmission and reception of Msg3 and Msg4 are performed using TX and RX beams acquired in the first two steps of the RACH procedure.
Observation 2: RACH procedure in NR system applying beam sweeping is not only used to acquire an UL grant and TA, but also to assist the gNB and the UE to configure their TX and RX beams for user data and signalling exchange.
2.3	RACH-less Handover in NR
Similar to LTE, the target gNB applying beamforming (for its transmission and reception) may provide the UE via the HO command with a pre-allocated UL to send Msg 3. However, for these pre-allocated UL grants the target gNB should know how to configure its RX beam to receive Msg3 from the UE. Similarly, if pre-allocated UL grant is not included in the HO command the target gNB should know how to set its TX beam for sending the PDCCH allocating the UL grant. 
One solution is that target gNB may rely on SS/PBCH block or CSI-RS measurements, reported by the UE to source gNB in a measurement report as shown in the first step of Fig. 1 , to set its RX/TX beam. This requires that the source gNB configures the UE to report SS/PBCH block or CSI-RS measurements for the neighbouring cells and to forward these measurements to target gNB using Handover Request signalling message, which is supported by 3GPP NR Rel-15 [3]:
· If pre-allocated UL grant is to be provided in the HO command, the target gNB may provide the UE with at least one UL grant that is associated with one reported SS/PBCH block or CSI-RS. For instance, if the UE reports the measurements of SS/PBCH block, e.g., 1, 2 and 4, having strongest three measurements, the target gNB can provide a pre-allocated UL grant that is associated with at least one of the reported SS/PBCH block 1, 2 and 4. In these pre-allocated UL grants, the target gNB will set its RX beam to that providing SS/PBCH block 1, 2 and/or 4, expecting UE’s transmission via one of those “beams”.
· If pre-allocated UL grant is not included in the HO command, the target gNB can send at least one PDCCH providing an UL grant that is associated with one reported SS/PBCH block or CSI-RS. Taking the example above, the target gNB will set its TX beam to that providing SS/PBCH 1, 2 and/or 4 for sending PDCCH.
Observation 3: In NR RACH-less handover, the UE may be configured to report beam measurements to assist the target gNB in setting its RX/TX beams for receiving Msg3 or sending PDCCH allocating the UL grant for Msg3, respectively. The reported beam measurements are forwarded by source gNB during HO preparation phase.
This solution works well as long as the reported SS/PBCH block or CSI-RS measurements are still valid when sending Msg3. However, in some cases the reported SS/PBCH blocks or CSI-RS may no longer be sufficiently strong to be detected by the UE due to user movement and variations in propagation channel, e.g., shadowing caused by obstructions. Moreover, the reported SS/PBCH or CSI-RS measurements are subject to fluctuations caused by measurement errors and small-scale fading which can lead to erroneous setting of the RX/TX beams at target gNB. This is typically improved by L3 filtering and TTT, which, however, delay the measurements, i.e., the measurement may be already outdated at the moment of reporting. Failure to set properly the RX/TX beams at target gNB for receiving Msg3 may lead to HO failure and to RRC re-establishment if no other action is taken by the UE.
Observation 4: Due to user movement, variations in propagation channel or erroneous RRM measurements, it may happen that the target gNB may fail to set its RX/TX beams properly for receiving Msg3 which in turn can lead to HO failure.
Observation 5: HO failure may lead to RRC re-establishment if no other action is taken by the UE.
For contention-free RACH access, it has been already agreed by 3GPP that if none of SS/PBCH blocks or CSI-RSs that are associated with dedicated RACH resources has a received signal measurement (RSRP) above a certain threshold, the UE performs contention-based RACH access [4]. The same approach can be adopted for RACH-less HO to avoid the HO failure: That is if none of the SS/PBCH blocks or CSI-RSs that are associated with UL grants, pre-allocated in the HO command or scheduled dynamically by PDCCH, have a received signal measurement above a certain threshold, the UE fall-backs to ordinary RA procedure. The RACH to target cell can be either contention-based or contention free depending on whether dedicated RACH resources are delivered in the HO command. 
Fig. 3 illustrates the fall-back of the UE from RACH-less to RACH based HO in case none of SS/PBCH blocks that are associated with UL grants, indicated in the HO command, have a received signal measurement above a pre-configured threshold T: Fig. 3a) corresponds to the case when pre-allocated UL grant is delivered in the HO command and Fig 3b) refers to the case when UL grant is provided by PDCCH. In the exemplary case shown in Fig. 3, the UL grant, indicated in the HO command, is associated with only one SS/PBCH 1 having the e.g., strongest received measurement, but this does not limit the network from configuring more than one UL grant that are associated with different SS/PBCH blocks, 1, 2 or 4.
Proposal 1: RAN2 is asked to analyse further the fall-back of the UE from RACH-less to RACH based HO in case none of SS/PBCH blocks or CSI-RS that are associated with UL grants, indicated in the HO command, has a received signal measurement above a pre-configured threshold T.
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a) Pre-allocated UL grant delivered in HO command.
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b) UL grant allocated by PDCCH.
Figure 3: Fall-back to RACH in RACH-less HO.


3	Conclusion
In this contribution, we have analysed RACH-less HO in NR. The following observations and proposals have been made:
Observation 1: In RACH-less handover, the service interruption time is reduced by the time duration needed for acquiring a RACH occasion to send the preamble and receive a RACH response.
Observation 2: RACH procedure in NR system applying beam sweeping is not only used to acquire an UL grant and TA, but also to assist the gNB and the UE to configure their TX and RX beams for user data and signalling exchange.
Observation 3: In NR RACH-less handover, the UE may be configured to report beam measurements to assist the target gNB in setting its RX/TX beams for receiving Msg3 or sending PDCCH allocating the UL grant for Msg3, respectively. The reported beam measurements are forwarded by source gNB during HO preparation phase.
Observation 4: Due to user movement, variations in propagation channel or erroneous RRM measurements, it may happen that the target gNB may fail to set its RX/TX beams properly for receiving Msg3 which in turn can lead to HO failure.
Observation 5: HO failure may lead to RRC re-establishment if no other action is taken by the UE.
Proposal 1: RAN2 is asked to analyse further the fall-back of the UE from RACH-less to RACH based HO in case none of SS/PBCH blocks or CSI-RS that are associated with UL grants, indicated in the HO command, has a received signal measurement above a pre-configured threshold T.
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