
3GPP TSG-RAN WG2 NR Ad hoc 0118			                        R2-1800436
Vancouver, Canada, 22nd January – 26th January 2018      (revision of R2-1712603)


Source: 			ZTE Corporation, Sanechips
[bookmark: OLE_LINK1]Title: 	Discussion on the support of MBB and RACH-less in NR 
[bookmark: Source]Agenda item:		10.2.4
[bookmark: DocumentFor]Document for:	    Discussion and Decision
1. Introduction
At RAN#78, RAN2 is tasked to investigate how the IMT-2020 requirement on 0ms handover interruption requirement can be addressed for LTE and NR within the Rel-15 time frame. 
[bookmark: _GoBack]In this contribution, we discuss whether the mobility enhancement similar to that discussed for LTE, i.e. MBB and RACH-less should be supported for NR within the Rel-15 time frame.
2. Discussion
MBB and RACH-less handover were introduced in R14 to reduce the mobility interruption in LTE. According the evaluation in RAN4 [1], in LTE R14, with the combination of MBB and RACH-less, the interruption time can be reduced as small as (5 + TUL_grant) ms. As discussed in LTE, the combination of MBB and RACH-less can only be applied for the intra-frequency scenario where the target has the same TA as the source or the TA of the target is zero, for example, restricted to small cell/intra-site scenarios. 
Per the scenarios specified in 38.913 [2], indoor hotspot is an important scenario in NR. The indoor hotspot scenario focuses on small coverage per site/TRPx. So in this case, the MBB and RACH-less solution is benefit both for the case of SN change in EN-DC and for the case of standalone intra-NR mobility. The interruption time in these cases should be at least no worse than in Rel-14 LTE. 

Observation 1: MBB and RACH-less handover benefit both the case of SN change in EN-DC and for the case of standalone intra-NR mobility.
Proposal 1: The interruption time in case of SN change and intra-NR mobility should be no worse than in Rel-14 LTE.

The MBB solution reduces the mobility interruption time by keeping the source connection after the reception of the handover/SN change command and before the first transmission/reception on the target cell. For intra-frequency mobility, the MBB solution can be adopted with no introduction of extra Rx chain. While if the UE has two independent RX, the MBB solution can also be applied to the inter-frequency scenario. From this point of view, the MBB solution can be easily reused in NR for free. So MBB should be supported in R15.
In LTE, to carry out the MBB, the source makes the make-before-break decision, forwards the MBB indication to the target and then the target include the MBB indication in the handover command. During the email discussion for the baseline handover procedure [2], some companies express the concern that if the target doesn’t support the MBB, then no MBB indication will be included by the target in the handover command. So question is raised that whether in NR, the MBB indication should be included in the handover command by the source instead by the target. In fact the issue exists also in LTE. To our understanding, if MBB is supported from R15 and if the network wants to ensure the mobility interruption as little as possible, the target should of course support the MBB feature. Or else, if the target doesn’t support MBB feature, the lower mobility interruption can’t be ensured when the UE moves out from the target. For instance, if UE moves from gNB A to gNB B then to gNB C, gNB A and gNB C support MBB feature while gNB B doesn’t. The lower handover interruption can’t be ensured even though gNB A and gNB C support MBB. So from this point of view, as in LTE, the handover command should be entirely generated by the target gNB. There’s no need to introduce any exceptions for the supporting of MBB feature.

Proposal 2: Support MBB in NR Rel-15.
Proposal 3: As in LTE, the MBB indication should be transferred from the source to the target and included in the handover command by the target.

The RACH-less solution can only be applied for scenarios where the target has the same TA as the source or the TA of the target is zero. Instead of operating only on lower frequencies, frequencies up to 52.6 GHz will be supported in NR. It’s obvious that the RACH-less solution can be applied at least for the same scenario as in LTE on low frequencies. The question is whether RACH-less solution can also be applied when operating on higher frequencies (e.g. above 6GHz).
In NR, the PRACH resources are configured associated with beams, e.g. SS blocks or CSI-RS resources. Based on the beam associated PRACH resources, the UE achieves not only the TA acquisition but also the beam training via the random access procedure. In other words, if to apply the RACH-less solution for NR small cell/intra-site scenarios, how to achieve the beam training during the RACH-less procedure should be discussed. 
[bookmark: OLE_LINK3]In LTE, if RACH-less HO is configured, the UE accesses the target via the uplink grant preallocated (preallocated UL-grant) to the UE in the RRC message. Or if the UE does not receive the preallocated UL-grant in the RRC message from the source eNB, the UE monitors the PDCCH of the target cell. The same principle should be reused in NR. 
In NR, the UE can include beam measurement information in the measurement report per the network request. With the beam measurement information forwarded from the source, the target can configure CFRA PRACH resources associated with beams, e.g. either CFRA PRACH resource associated with SS blocks or CFRA PRACH resources associated with CSI-RS resources. The same methodology can be adopted for the configuration of preallocated UL-grant. That is, the target can configure preallocated UL-grant associated with SS blocks or CSI-RS resources to the UE. With the reception of these beam associated preallocated UL-grant, the UE select a qualified beam among the provided beams and access the target. In this way, the beam training is achieved during the RACH-less procedure. On the other hand, with the beam measurement information forwarded from the source, the target can configure SRS resources that is spacial QCLed with these beams to the UE. Then the target measures the SRS and schedules the UE according to the measurement results and the spacial relationship between the SRS and the corresponding spacial QCLed DL beams. Correspondingly in the UE, with the configuration of these SRS resources and the corresponding spacial related beams, e.g. either SS blocks or CSI-RS resources, the UE monitors PDCCH on these spacial QCLed DL beams. So in this way, the beam training is also achieved during the RACH-less procedure. It should be noted that the configuration of SRS and the related spacial QCLed beams has been supported in NR now.
Given the analysis above, we can see that the RACH-less handover can be supported in NR both for low frequencies and high frequencies with some minor updates taking the beamforming property into consideration.

Observation 2: The RACH-less handover can be supported in NR both for low frequencies and high frequencies with some minor updates taking the beamforming property into consideration.
Proposal 4: Support RACH-less in Rel-15.
3. Conclusion and proposals
In this contribution, we discussed whether the mobility enhancement achieved in LTE should be supported in R15 with the following observations and proposals:
Observations:
Observation 1: MBB and RACH-less handover benefit both the case of SN change in EN-DC and for the case of standalone intra-NR mobility.
Observation 2: The RACH-less handover can be supported in NR both for low frequencies and high frequencies with some minor updates taking the beamforming property into consideration.

Proposals:
Proposal 1: The interruption time in case of SN change and intra-NR mobility should be no worse than in Rel-14 LTE.
Proposal 2: Support MBB in NR Rel-15.
Proposal 3: As in LTE, the MBB indication should be transferred from the source to the target and included in the handover command by the target.
Proposal 4: Support RACH-less in Rel-15.

A draft TP is provided in the Annex if the above proposals are agreed.
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Draft TP based on 38.300 v200.
Note: Considering that intra-NR DC has not been clearly discussed yet, the TP only includes the impacts on the handover procedure. Besides, considering the preallocated uplink grant associated with SS blocks or CSI-RS resources need to be confirmed by RAN1. So it is not included either.
3.2 [bookmark: _Toc500758738][bookmark: _Toc500714337]Definitions
[bookmark: OLE_LINK8][bookmark: OLE_LINK6][bookmark: OLE_LINK7]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1], in 3GPP TS 36.300 [2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1] and 3GPP TS 36.300 [2].

…text omitted
Make-Before-Break HO: maintaining source gNB connection after reception of RRC message for handover before the initial uplink transmission to the target gNB during handover.
RACH-less HO: skipping random access procedure during handover.
…text omitted
[bookmark: _Toc500714424][bookmark: _Toc500758824]9.2.3	Mobility in RRC_CONNECTED
[bookmark: _Toc500758825][bookmark: _Toc500714425]9.2.3.1	Overview
Network controlled mobility applies to UEs in RRC_CONNECTED and is categorized into two types of mobility: cell level mobility and beam level mobility.
Cell Level Mobility requires explicit RRC signalling to be triggered, i.e. handover. For inter-gNB handover, the signalling procedures consist of at least the following elemental components illustrated in Figure 9.2.3.1-1:


Figure 9.2.3.1-1: Inter-gNB handover procedures
1.	The source gNB initiates handover and issues a Handover Request over the Xn interface.
2.	The target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement.
3.	The source gNB provides the RRC configuration to the UE in the Handover Command. The Handover Command message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention based and contention free random access can be included in the Handover Command message. The access information to the target cell may include beam specific information, if any.
4.	The UE moves the RRC connection to the target gNB and replies the Handover Complete.
The handover mechanism triggered by RRC requires the UE at least to reset the MAC entity and re-establish RLC. RRC managed handovers with and without PDCP entity re-establishment are both supported. For DRBs using RLC AM mode, PDCP can either be re-established together with a security key change or initiate a data recovery procedure without a key change. For DRBs using RLC UM mode and for SRBs, PDCP can either be re-established together with a security key change or remain as it is without a key change.
Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed when the target gNB uses the same DRB configuration and QoS flow to DRB mapping as the source gNB. 
Timer based handover failure procedure is supported in NR. RRC connection re-establishment procedure is used for recovering from handover failure.
Make-Before-Break HO and/or RACH-less HO are supported in NR. The UE can be configured with Make-Before-Break HO and RACH-less HO simultaneously.

Beam Level Mobility does not require explicit RRC signalling to be triggered - it is dealt with at lower layers - and RRC is not required to know which beam is being used at a given point in time.

[bookmark: _Toc500714426][bookmark: _Toc500758826]9.2.3.2	Handover
[bookmark: _Toc500714427][bookmark: _Toc500758827]9.2.3.2.1	C-Plane Handling
The intra-NR RAN handover performs the preparation and execution phase of the handover procedure performed without involvement of the 5GC, i.e. preparation messages are directly exchanged between the gNBs. The release of the resources at the source gNB during the handover completion phase is triggered by the target gNB. The figure below depicts the basic handover scenario where neither the AMF nor the UPF changes:
[image: C:\Users\00077043\AppData\Local\Temp\ksohtml\wps9C85.tmp.png]
Figure 9.2.3.2.1-1: Intra-AMF/UPF Handover
0.	The UE context within the source gNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.
1.	The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
2.	The source gNB decides to handover the UE, based on MEASUREMENT REPORT and RRM information.
3.	The source gNB issues a HANDOVER REQUEST message to the target gNB passing a transparent RRC container with necessary information to prepare the handover at the target side. The information includes at least the target cell ID, KgNB*, the C-RNTI of the UE in the source gNB, RRM-configuration including UE inactive time, basic AS-configuration including antenna Info and DL Carrier Frequency, the UE capabilities for different RATs, and can include the UE reported measurement information including beam-related information if available. Also, if CA is configured, the RRM configuration can include the list of best cells on each frequency for which measurement information is available.
4.	Admission Control may be performed by the target gNB.
5.	The target gNB prepares the handover with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as an RRC message to perform the handover.
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]6.	The source gNB triggers the Uu handover and sends the Handover Command message to the UE. The Handover Command message carries the information required to access the target cell, which includes at least the target cell ID, the new C-RNTI, the target gNB security algorithm identifiers for the selected security algorithms, can include a set of dedicated RACH resources, the association between RACH resources and SS blocks, the association between RACH resources and UE-specific CSI-RS configuration(s), common RACH resources, and target gNB SIBs, etc. 
If RACH-less HO is configured, the Handover Command message includes timing adjustment indication and optionally preallocated uplink grant for accessing the target cell. If Make-Before-Break HO is configured, the Handover Command message includes a make before break indication and the source gNB decides when to stop transmitting to the UE.
7.	The source gNB sends the SN STATUS TRANSFER message to the target gNB.
8.	The UE synchronises to the target cell and completes the RRC handover procedure.
[bookmark: OLE_LINK2]If Make-Before-Break HO is configured, the connection to the source cell is maintained after the reception of Handover Command before the UE executes initial uplink transmission to the target cell.
9.	The target gNB sends a PATH SWITCH REQUEST message to AMF to trigger 5GC to switch the DL data path towards the target gNB and to establish an NG-C interface instance towards the target gNB.
10.	5GC switches the DL data path towards the target gNB
11.	The AMF confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.
12.	By sending the UE CONTEXT RELEASE message, the target gNB informs the source gNB about the success of handover and triggers the release of resources by the source gNB. The target gNB sends this message after the PATH SWITCH REQUEST ACKNOWLEDGE message is received from the AMF. Upon reception of the UE CONTEXT RELEASE message, the source gNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
The RRM configuration can include both beam measurement information (for layer 3 mobility) associated to SS Block(s) and CSI-RS(s) for the reported cell (or cells FFS) if both types of measurements are available.
The common RACH configuration for beams in the target cell is only associated to the SS Block(s). The network can have dedicated RACH configurations associated to the SS Block(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell. The target gNB can only include one of the following RACH configurations in the Handover Command to enable the UE to access the target cell:
i)	Common RACH configuration;
ii)	Common RACH configuration + Dedicated RACH configuration associated with SS-Block;
iii)	Common RACH configuration + Dedicated RACH configuration associated with CSI-RS.
The dedicated RACH configuration allocates RACH resource(s) together with a quality threshold to use them. When dedicated RACH resources are provided, they are prioritized by the UE and the UE shall not switch to contention-based RACH resources as long as the quality threshold of those dedicated resources is met. The order to access the dedicated RACH resources is up to UE implementation.
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