Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG2 NR Ad Hoc                                               R2-1700532
Spokane, USA, 17th – 19th January 2017

Agenda Item:	3.3.1.1.1
Source:	CMCC
Title:	Beam Related Measurement Report and Inter-cell HO in NR
Document for:	Discussion, Decision
Introduction
[bookmark: _Ref178064866]DL-based RRM and measurement report have been discussed in recent RAN2 meetings. In RAN2#95bis, following agreements have been achieved for DL-based mobility in RRC_CONNECTED mode mobility with RRC involvement, concerning beams and the relation to the NR cell definition [1]: 
UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.
–	FFS: whether UE report individual and/or combined quality of multiple beams
After that, in last RAN2#96 meeting, further progress was reached [2]:
Measurement report will contain cell measurements
FFS whether the measurement report contains beams measurements
This contribution will discuss on the content of measurement report, especially on besides cell measurements, whether beam measurements should be involved. Hence, there are two level measurements reports, i.e. cell level and beam level. If beam related information is contained in measurement report, it is beam level report. Otherwise, the report is cell level. Furthermore, for beam level measurement report, there are also several alternatives, e.g. reporting qualified beam number, reporting beam IDs (all/N best/N above some threshold…), reporting beam measurements (all/N best/N above some threshold…), etc. Obviously, report signalling overhead and corresponding handover performance are different. 
In next section, we will first analyze on potential options of measurement report, from the point view of signalling overhead and handover performance, and give our observation and suggestion. Then we will discuss the corresponding procedure modification for inter-cell handover.
Discussion
Following we will discuss on the content of measurement report, i.e. cell level report and beam level report, especially analyse whether beam level report is necessary and how to report. 
0. Cell level report
In this option, UE reports neighbouring cell measurements to serving cell to assist the network to decide the proper target cell, and no beam measurement is included. The detailed method to derive the cell quality is analysed in our companion contribution [3], and here we mainly focus on the performance analysis of the cell level report. 
The most obvious benefit of cell level report is that the signalling overhead is quite low. For each target cell, the related overhead can be evaluated as: Lcell_id+Lcell_quality. Lcell_id is the length of cell ID, and it is 9 bits in LTE. Lcell_quality is the length of cell quality, and it is 7 bits in LTE for RSRP/RSRQ/SINR. Assume RSRQ is reported, and then the related signalling overhead for each cell is 9+7=16 bits.
However, the assistance information report to network is insufficient since the network side has no idea of which beams are qualified. Therefore: 
1) In step3, the target cannot configure beam specific PRACH parameters for the UE. Hence, it will not configure PRACH parameters or configure cell level PRACH parameters. 
2) In step 5, after UE successfully synchronized with the target cell, it will use the good beam(s) to initiate UL random access (in this contribution we assume the system holds TX/RX correspondence for simplicity). However, the beam with good DL quality may not be the optimal beam for the UE since its load may be high. This may lead to the rejection by target gNB, and UE needs to initiate random access on another beam again. 
3) Another issue is that since UE is not configured specific PRACH parameters, it can only initiate contention based random access, based on the parameters read from system information or HO command. This will consume more time than non-contention based random access.
Therefore, only cell level report may lead to UE to use suboptimal beam and consume more time to set up RRC connection with target cell.
Observation 1: Only cell level report may lead to UE to use suboptimal beam and consume more time to set up RRC connection with target cell.
0. Beam level report 
For beam measurement report, there are also several alternatives:
Alternative1: Number of qualified beams
Alternative2: N best beams
Alternative 3: N beams/all beams above a threshold
Alternative 4: all detected beams
As analysed in [3], it is not necessary to use all detected beams to derive the cell quality, so there is also no need to report all beams. Hence, alternative 4 can be excluded. For alternatives 2 and 3, the report information of each beam could be beam ID, or beam ID + beam quality. Since RAN1 has not decided whether there will be explicit ID for beam yet, the beam ID mentioned above may be explicit ID or implicitly derived from other parameters, such as MRS (Mobility RS). 
It seems that the more beam information report, the more help providing for the network side to decide the proper target cell and even the target beam. However, as a result, the signalling overhead is relatively high. Therefore, we need to clarify the benefits of beam level report and decide whether the corresponding signalling overhead is acceptable.
1) Number of good beams 
As analysed in [3], the number of qualified beam is quite important for network to decide the target cell, e.g.  more qualified beams means more stable cell, so it is better to be contained in measurement report. Furthermore, although the number is included, the total signalling is still low due to the number will not be high. For a typical scenario where UE is configured to report at most 3 good beams that above a threshold for each potential target cell, then 2 bits is enough to indicate the number of qualified beams. 
So, for each target cell, the related overhead can be evaluated as: Lcell_id+Lcell_quality+LNO._of_good_beam (bit), where LNO._of_good_beam is the length need to report number of good beams. Here we also assume RSRQ is reported, the related signalling overhead is 9+7+2=18 bits.
Therefore, compared with cell level report, the signalling overhead introduced by reporting qualified beam number is quite low. Nevertheless, the potential problem of this alternative is the same with that of cell reporting since network side also has no information about which beams are good.
Observation 2: The signalling overhead introduced by reporting qualified beam number is quite low.
2) beam ID
If beam IDs, especially IDs of good beams that above a threshold, are reported, network side could know which beams are good in potential target cells. So that some advantages may be achieved from the point view of both UE and network.
a) For target gNB, after receiving the IDs information, it could select proper beam(s) from the reported ones for the UE. The target gNB could take the load status of reported beams into consideration, and select beam(s) with relative low load for the UE. So that the load balancing among beams in target cell could achieve.
b) In step3, the target gNB could configure proper beam(s) and corresponding PRACH parameters for the UE.
c) In step 5, UE can use the configured beam(s) and corresponding PRACH parameters to initiate the non-contention based random access procedure. This could speed up the RRC connection setup in target cell.
Therefore, reporting good beam IDs could achieve the load balancing amomg target beams and reduce the necessary time for RRC connection set up in target cell. In addition, network side can know the number of good beams of each potential target cell, by counting reported beam IDs. 
However, some signalling overhead will be introduced. For each target cell, the related overhead can be evaluated as: Lcell_id+Lcell_quality+Nbeam*Lbeam_ID, where Nbeam is the number of reported beams, and Lbeam_ID is the length of beam ID.
For a typical cell working on 30GHz, assume it has 32 beams and 3 good beams are cnfigured to report, then the length of beam ID will be 5 bits, and the related signalling overhead is 9+7+5*3=31bits..
Observation 3: Compared with the benefits brought by reporting good beam ID, the corresponding signalling overhead is acceptable.
3) beam ID+Beam quality
If beam quality also reported, network side could know the exact DL quality of each good beam. For each target cell, the related overhead can be evaluated as: Lcell_id+Lcell_quality+Nbeam*(Lbeam_ID+ Lbeam_quality), where Lbeam_quality is the length of beam quality. 
Assume the beam quality is also identified by RSRQ, and other assumptions are the same with those mentioned above, the related signalling overhead is 9+7+3*(5+7) =52bits.
However the benefits brought by beam quality is not quite obvious, since with the information of potential target cells’ quality and in company with the IDs of good beams, it is enough for network side to seek out the target beam(s).  
Observation 4: The report of beam quality is unnecessary due to few benefits and relatively high signalling overhead.
In following table, we summarize the measurement report options discussed above:
	MR Options
	Pros.
	Cons.
	Signalling overhead estimation for each potential target cell 

	A. Cell measurements
	Low signalling overhead
	1.Suboptimal target beam, 
2.More time to set up RRC connection with target cell
	Lcell_id+Lcell_quality, 16bits

	B. Cell measurements + Number of qualified beams 
	1.Relatively low signalling overhead
2.Stable target cell
	Same with option A
	Lcell_id+Lcell_quality+LNO._of_good_beam, 18bits

	C. Cell measurements + Beam ID
	1.Optimal target beam, 
2.Load balancing in target cell,
3.Save time for RRC connection setup in target cell
	Medium signalling overhead
	Lcell_id+Lcell_quality+Nbeam*Lbeam_ID, 31bits

	D. Cell measurements +Beam ID 
+Beam quality
	Same with option C
	High signalling overhead, with few benefits compared with option C
	Lcell_id+Lcell_quality+Nbeam*(Lbeam_ID+ Lbeam_quality) , 52bits



Therefore, we propose that:
Proposal 1: Measurement report will contain IDs of good beams, which could be N best beams, N beams above a threshold, or all beams above a threshold, etc.
0. Inter-cell HO procedure
According to R2#96 agreements, inter-cell handover procedure in NR reuses the same principles as LTE.
Agreements
1: NR shall support HO as part of the NR mobility procedures.
2: Network based mobility shall reuse the same principles as LTE (Rel-13) and for inter gNB HO consisting of at least:
-	Source gNB initiates the HO over the Xn interface via a HO request
-	Target gNB performs admission control and provides the RRC configuration as part of the HO acknowledgement
-	Source gNB provides the configuration to the UE including the HO command via RRC
-	The UE moves the connection to the target gNB via RRC
Further enhancements/modifications can be considered
Figure1 shows an example of modified HO procedure based on beam ID reporting in proposal 1:
1) In measurement report, cell measurements and good beam IDS are contained.
2) Source gNB initiates HO over the Xn interface via a HO request, and the reported beam IDs are further forwarded to taget gNB. 
3) Target gNB performs admission control and provides the RRC configuration, where the selected target beam ID(s) are configured to UE in company with C-RNTI and random access parameters.
4) Source gNB provides the configuration to the UE including the HO command via RRC.
5) UE initiates random access on configured beam(s) and moves the connection to the target gNB via RRC. 


Figure 1: Inter-cell Handover procedure in NR
Proposal 2: RAN2 is kindly asked to capture figure1 as the baseline of inter-cell hand over procedure.
[bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]According to above analysis, we made following observations:
Observation 1: Only cell level report may lead to UE to use suboptimal beam and consume more time to set up RRC connection with target cell.
Observation 2: The signalling overhead introduced by reporting qualified beam number is quite low.
Observation 3: Compared with the benefits brought by reporting good beam ID, the corresponding signalling overhead is acceptable.
Observation 4: The report of beam quality is unnecessary due to few benefits and relatively high signalling overhead.
Moreover, based on these observations we propose the following:
Proposal 1: Measurement report will contain IDs of good beams, which could be N best beams, N beams above a threshold, or all beams above a threshold, etc.
Proposal 2: RAN2 is kindly asked to capture figure1 as the baseline of inter-cell hand over procedure.
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Annex A. Text Proposals
-------------------------------------------------Beginning of text proposal-------------------------------------------------------------
[bookmark: _Toc460841970]10.1	Intra NR
10.1.x Inter-cell handover
Network based inter-cell HO reuse the same principles as LTE (Rel-13) and consist of at least:
1) In measurement report, cell measurements and good beam IDS are contained.
2) Source gNB initiates HO over the Xn interface via a HO request, and the reported beam IDs are further forwarded to taget gNB. 
3) Target gNB performs admission control and provides the RRC configuration, where the selected target beam ID(s) are configured to UE in company with C-RNTI and random access parameters.
4) Source gNB provides the configuration to the UE including the HO command via RRC.
5) UE initiates random access on configured beam(s) and moves the connection to the target gNB via RRC. 


FIG10.1.1-1: Inter-cell Handover procedure in NR
---------------------------------------------------------End of text proposal-------------------------------------------------------------
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