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1      Introduction
In RAN#71 meeting, study item [1] was approved to develop requirements and specifications for new radio (NR) systems to support mobile broadband, massive MTC and critical MTC, etc. In the NR systems, it is assumed that the network will support beamforming to achieve high antenna gain to compensate for the propagation loss of the high frequency band. Mobility then becomes one of the biggest challenges. In this contribution, we would like to further study what beam support is needed in NR in RAN2. 
In this contribution, we would like to use the terminology that is defined in [2] for the discussion.

2      Discussion
In this contribution, we would like to discuss the beam-related concepts, the different mobility types and potential mobility solutions in NR. This contribution focuses on intra-frequency mobility but in most cases, it also applies to inter-frequency.
2.1     Beam concept in NR
 At a high level we would like to look at how NR is different from LTE. One new dimension is the RF beamforming capability at the Transmission/ reception point (TRP). An eNB may have multiple TRPs (either centralized or distributed). Each TRP can form multiple beams. The number of beams as well as the number of simultaneous beams in the time/frequency domain depend on the number of antenna elements in the array and the number of RF chains at the TRP. Similarly, the UE may also support beamforming towards the TRP(s). UE may support a single or multiple transmit and receive beams. 
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Figure 1: Beam concept in NR
Beam sweep

Since the directional beam naturally results in a smaller beamwidth/angular space, the UE and/or TRP may need to beamform at each direction until all 360 degrees are covered. For example, assume each beam width is 15 degrees. If the TRP can only form ONE beam at a time, it will take 24 beam-sweeps to cover 360 degrees. There are several challenges when using beamforming: a) sending a common signal, b) discovering the TRP, and c) maintaining the serving beam. So it is good to keep in mind these challenges when designing mobility in NR. 

Observation 1: TRP may beamform and may need to beam sweep to cover all 360 degrees.

2.2     Deployment Scenarios
Figure 1 shows an example deployment scenario in which NR TRP co-exists with LTE macro, co-channel LTE small cells and non-co-channel small cells. . The UE in NR will need to discover LTE small cells and TRP by performing measurements in order to handover to a different cell or TRP when in mobility. 
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Figure 2: Example of NR deployment co-existing with LTE macro and LTE small cell

Both single Connected or dual Connected modes are should be considered.

UE capability in NR 
In LTE, UE supports Single Connected or Dual Connected modes. In NR, the UE can be in the following supported modes:

· Standalone NR UE: the UE is capable of supporting NR or LTE but cannot support interworking between the NR and LTE. 
· this includes the Dual Connected NR UE scenario where the UE is capable of being connected to NR macro and TRP group (TRPG) (similar to DC but in NR).
· Non standalone NR UE: the UE is capable of supporting NR and LTE interworking between the NR and LTE cells. This is similar to DC in LTE.

In the above two cases, the UE could also support multiple TRPGs (for example, dual TRPGs is an example of multiple TRPGs):

· Dual/multiple TRPG operation: this is the case where the UE has the capability to support dual/ multiple transmit and receive TRPGs simultaneously. In this case, the UE can connect to dual/ multiple TRPGs towards the same NR TRP or a different NR TRP. Figure 3 shows the two dual TRPG scenarios: (1) intra-TRP dual TRPG and (2) inter-TRP dual TRPG. Multiple TRPGs are needed to be supported simultaneously. In intra-TRP dual TRPG, the UE forms 2 TRPGs and connects to the same serving TRP. This can be used for data boosting and multiple TRPGs support is required. In inter-TRP dual TRPG, the UE forms 2 TRPGs but may be able to connect to 2 different TRPs. The latter case can also be used for handover purposes. 

	[image: image3.jpg]



	[image: image4.jpg]




	(a) Intra-TRP dual/multiple TRPG transmission
	(b) Inter-TRP dual/multiple TRPG transmission


Figure 3: Dual TRPGs operation
Observation 2: Inter-TRP dual TRPG operation may be used for handover purpose for Dual/ multiple TRPG NR operations capable UE.
Proposal 1: NR should FFS standalone NR and non standalone NR, single TRPG and Dual/ multiple TRPG cases.
2.3     Mobility

Different mobility types may need to be supported in NR. In Figure 1, the UE can move from one beam to another beam within the same TRP (intra-TRP case). Or, the UE can move from one TRP to another TRP within the same TRPG (inter-TRP and intra-TRPG cases). Or, the UE can move from one TRP to LTE small cell (inter-RAT case). Or, the UE can move from one TRPG to another TRPG (inter-TRPG case). Or, finally, the UE may also move in and out of NR in both standalone and non-standalone scenarios. Below is an attempt to categorize the above mobility types in NR: (please refer to [2] for the definition of TRP and TRPG)
· Intra-TRPG mobility (includes Intra-TRP mobility and Inter-TRP mobility within the same TRPG)
· Inter-TRPG mobility
· Inter-RAT handover especially LTE to/from NR

· Non-standalone mobility support (TRPG addition/ release)
We can study these three types of mobility for standalone and non-standalone cases with different UE capabilities (for example, dual/ multiple TRPG UE). For non-standalone, TRPG set management such as TRPG addition and release operation can be considered for mobility. 
Observation 3: In general, there are four types of mobility: intra-TRPG mobility, inter-TRPG mobility, inter-RAT mobility and Non-standalone mobility.
For intra-TRPG mobility, it is expected that no RRC signalling is required. For inter-TRPG and inter-RAT handover, there may be protocol stack change, path switch and data forwarding required from source to target during handover. Therefore, RRC signalling could be required. 

Observation 4: Intra-TRPG mobility doesn’t require RRC signalling.

Observation 5: Inter-TRPG mobility and inter-RAT handover require RRC signalling.
Proposal 2: RAN2 agrees there are at least four types of mobility: intra-TRPG mobility, inter-TRPG mobility, inter-RAT mobility and Non-standalone mobility .
Inter-TRPG mobility: 
One possible solution for standalone mobility is reusing LTE handover procedure as a baseline. Figure 4 shows the NR handover based on the legacy procedure. Note that measurement may take relative longer time in such high data rate due to beam sweep process in compare to legacy measurement. It should be FFS on the handover impact in the NR measurement. In addition, if we apply a similar handover procedure, service interruption time will start from step 4 (where the source eNB sends the handover command to the UE) and end at step 8 (where the UE sends the RRC connection reconfiguration complete message to target eNB). To reduce service interruption time, one possible solution is to reuse eMOB WI solution 2 to allow data transmission from source eNB after HO command. 
Another possible solution is UE controlled handover described in [3]. 
In general, handover impact and challenges should be first analysed so that we can determine what handover mechanism can provide sufficient performance in NR. 
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  Figure 4: Example of inter-TRPG mobility
Observation 6: solution in eMOB WI can be considered for inter-TRPG mobility enhancement to reduce service interruption time.
Proposal 3: Impact of NR measurement on handover is FFS
Proposal 4: Impact and challenges for different HO procedures for NR mobility and whether they can provide sufficient HO performance is FFS.  Both network controlled and UE controlled mobility should be evaluated for different UE capabilities (including UEs capable of multi-TRPG operation).
Standalone inter-TRPG mobility for UEs capable of tx/rx from multiple TRPGs 
In case the UE is capable of multiple TRPG operation, TRPG set management can be considered for mobility purposes. The UE can establish a connection with the target TRPG by performing a TRPG addition operation before source TRPG stops data transmission. Once the UE is established with target TRPG, it can perform TRPG release towards the source TRPG. Figure 5 shows an example of signalling flow for inter-TRPG mobility using the TRPG change procedure. In the example, the UE serving TRPG is TRPG1. The measurement report has triggered and the UE is about to handover to target TRPG2. 
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Figure 5: an example of TRPG change procedure for inter-TRPG mobility for UEs that are capable of multiple TRPG tx/rx capability
1. The UE sends measurement report to TRPG1 triggered by some event configured by the network.

2. Serving TRPG1 sends TRPG change request to target TRPG2

3. Target TRPG2 replies TRPG change request ACK to serving TRPG1 including TRPG configuration

4. Serving TRPG1 sends RRC reconfiguration message to the UE for TRPG addition

5. Serving TRPG1 forwarding data to target TP2

6. UE performs RACH on target TRPG (optionally apply RACH-less handover using pre-allocated UL grant)
7. UE send RRC complete message to target TRPG2

There are multiple options when TRPG1 stops data transmission to the UE (for example, SN status transfer can be delay after TRPG2 is established). 
Observation 7: Dual TRPG capable UE can further enhance handover in inter-TRPG mobility by using TRPG change procedure.
Observation 8: There are multiple options when TRPG1 stops data transmission to the UE.
Proposal 5:  If UE is capable of multiple TRPG operation, RAN2 consider TRPG change procedure for inter-TRPG mobility.

Non-standalone mobility in SCG NR
In non-standalone case, the UE may be dual connected with LTE macro as MeNB and TRPG as SeNB. Figure 6 shows the DC like non-standalone mobility based on current DC change of SeNB procedure.  There are different options possible. Measurement reports sent to LTE MCG or directly to NR SCG, with TRPG change procedure similar to SCG change procedure in LTE DC.  Or another option is UE controlled SCG TRPG change.    All these options should be studied to determine which one(s) can meet the performance requirements.   
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Figure 6: an example of non-standalone mobility procedure in DC
Observation 9: SeNB change procedure in DC or UE controlled SCG change can be considered for inter-TRPG in non-standalone mobility. Whether these can meet the required performance should be studied.
3      Conclusion
Observation 1: TRP may beamform and may need to beam sweep to cover all 360 degrees.

Observation 2: Inter-TRP dual TRPG operation may be used for handover purpose for Dual/ multiple TRPG NR operations capable UE.
Observation 3: In general, there are three types of mobility: intra-TRPG mobility, inter-TRPG mobility and inter-RAT mobility.

Observation 4: Intra-TRPG mobility doesn’t require RRC signalling.

Observation 5: Inter-TRPG mobility and inter-RAT handover require RRC signalling.
Observation 6: solution in eMOB WI can be considered for inter-TRPG mobility enhancement to reduce service interruption time.
Observation 7: Dual TRPG capable UE can further enhance handover in inter-TRPG mobility by using TRPG change procedure.
Observation 8: There are multiple options when TRPG1 stops data transmission to the UE.
Observation 9: SeNB change procedure in DC or UE controlled SCG change can be considered for inter-TRPG in non-standalone mobility. Whether these can meet the required performance should be studied.
Proposal 1: NR should FFS standalone NR and non standalone NR, single TRPG and Dual/ multiple TRPG cases.
Proposal 2: RAN2 agrees there are at least four types of mobility: intra-TRPG mobility, inter-TRPG mobility, inter-RAT mobility and Non-standalone mobility .
Proposal 3: Impact of NR measurement on handover is FFS

Proposal 4: Impact and challenges for different HO procedures for NR mobility and whether they can provide sufficient HO performance is FFS.  Both network controlled and UE controlled mobility should be evaluated for different UE capabilities (including UEs capable of multi-TRPG operation).

Proposal 5:  If UE is capable of multiple TRPG operation, RAN2 consider TRPG change procedure for inter-TRPG mobility.
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