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Introduction
In RAN4 meeting #90, the WF [1] on the WI of enhancement for LTE in high speed scenario is approved. The RRM related requirements for RAN4 in this WI are listed as follows:
	· Enhanced intra-frequency cell identification and measurement period are defined for SCC 
· Using the existing highSpeedEnhancedMeasFlag or introducing new IE is FFS
· How to define the UE capability for enhanced intrafrequency cell identification and measurement period for SCC is FFS
· Note: it is expected to send LS to RAN2 in next meeting (RAN4#90bis)
· RAN4 RRM shall focus on the following requirement impacts for HST feature:
· Cell reselection requirements in idle mode
· Measurement requirements in connected mode (single carrier)
· DRX
· Non-DRX
· Measurement requirements of SCC with both active Scells and deactivated SCells 
· RLM
· Measurement accuracy
· FFS: UE Tx timing, i.e., Tq



In this contributions, we provide our view on the enhancement of RRM measurement in connected mode related to the WI.
UE measurement capability in high speed scenario
In LTE, UE can support “Increased UE carrier monitoring E-UTRA” (IncMon). The maximum number of layers that  UE needs to monitor when IncMon is supported is specified in TS 36.133 as follows:
	8.1.2.1.1.1a	Maximum allowed layers for multiple monitoring (Increased UE carrier monitoring)
UE which indicate support for Increased UE carrier monitoring E-UTRA according to the capabilities in [2,31] shall be capable of monitoring at least
-	Depending on UE capability, 8 FDD E-UTRA inter-frequency carriers, and
-	Depending on UE capability, 8 TDD E-UTRA inter-frequency carriers
UE which indicate support for increased UE carrier monitoring UTRA according to the capabilities in [2,31] shall be capable of monitoring at least
-	Depending on UE capability, 6 FDD UTRA carriers, and
-	Depending on UE capability, 7 TDD UTRA carriers, and
…
8.1.2.2.2.1 E-UTRAN intra frequency measurements when no DRX is used
In the RRC_CONNECTED state the measurement period for intra frequency measurements is 200 ms. When no measurement gaps are activated, the UE shall be capable of performing RSRP, RSRQ, and RS-SINR measurements for 8 identified-intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200 ms.
…
8.1.2.3.1.1 E-UTRAN FDD – FDD inter frequency measurements when no DRX is used
The UE shall be capable of performing RSRP, RSRQ, and RS-SINR measurements of at least 4 inter-frequency cells per FDD inter-frequency for up to 3 FDD inter-frequencies or 8 FDD interfrequencies if the UE supports Increased UE carrier monitoring E-UTRA and the UE physical layer shall be capable of reporting RSRP, RSRQ, and RS-SINR measurements to higher layers with the measurement period defined in Table 8.1.2.3.1.1-1.

8.3.3.2.1 E-UTRAN secondary component carrier measurements when no common DRX is used
The UE shall be capable of performing RSRP, RSRQ, and RS-SINR measurements for 8 identified cells on a secondary component carrier, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of Tmeasure_scc.



However, in HST scenario particularly in high speed dedicated network deployment, it is unnecessary for UE to monitor so many cells and frequency layers. On the other hand, in order to support high speed mobility performance, RRM measurement under HST is enhanced compared with legacy scenario, which brings extra power consumption. Therefore it is beneficial to reduce corresponding requirement in HST.
Thus, it is proposed:
Proposal 1: Revisit UE measurement capability on number of cell to be monitored for PCC.
Proposal 2: Revisit UE measurement capability on number of cell to be monitored for SCC.

Measurements of a secondary CC in high speed scenario
CA operation in high speed scenario (e.g. in high speed train) is going to be supported in release 16 LTE. However, current UE measurement requirement in CA operation is derived based on low or medium speed scenario. The consequence is that the cell identification delay and measurement period on deactivated SCell is quite long under high speed scenario, which would lead to less efficient CA operation. For instance, the cell identification delay on SCC is 20*measCycleScell in non-DRX, corresponding to 3.2s~25.6s. Considering the train is moving at 500km/h, UE will travel 450m~3600m during 3.2s~25.6s. Such as long distance means UE may have already pass several cells during this time period. In other word, current design is not sufficient for UE to quickly identify the SCell under high speed scenario. To cope with that, UE measurement in CA operation under high speed scenario needs to be enhanced.
When highSpeedEnhancedMeasFlag is configured, the measurement of the primary component carrier is enhanced according to TS36.133 clause 8.3.3.1. The enhanced measurement requirement is defined in TS38.133 clause 8.1.2.2 with indication of highSpeedEnhancedMeasFlag. The effect is that the cell identification delay and measurement period are reduced.
However, currently the enhanced measurement does not apply for the secondary component with active SCell. The reason is that in legacy high speed train work item, CA operation was not considered, while in release 16 CA is going to be supported under high speed scenario. Therefore the cell identification delay and measurement period of a secondary component carrier with active SCell need to be enhanced as well.
To enhance the measurement of a secondary component carrier with active SCell, there are many ways. One way is to apply the enhanced measurement on primary component carrier to all the secondary component carriers with active SCell.

Proposal 3:  When highSpeedEnhancedMeasFlag is configured, the enhanced measurement requirements shall apply to measurements of all the secondary component carriers with active SCell.

In TS36.133, the measurement requirement for a secondary CC is specified as follows:
[image: ]
Note that there are 3 ways to reduce the identification time for a secondary CC: 
· Reduce value of MeasCycleSCell 
· Reduce the multiplication factor before MeasCycleSCell
· Reduce Tidentify_scc1
Similar approaches can be applied to the measurement period time for secondary CC. 
MeasCycleSCell is specified in TS36.331 clause 6.3.5:
MeasCycleSCell-r10 ::=				ENUMERATED {sf160, sf256, sf320, sf512,
													sf640, sf1024, sf1280, spare1}
	measCycleSCell
The parameter is used only when an SCell is configured on the frequency indicated by the measObject and is in deactivated state, see TS 36.133 [16, 8.3.3]. E-UTRAN configures the parameter whenever an SCell is configured on the frequency indicated by the measObject, but the field may also be signalled when an SCell is not configured. Value sf160 corresponds to 160 sub-frames, sf256 corresponds to 256 sub-frames and so on.



It can be seen, the shortest value is 160ms, which is considered quite long in high speed scenario. Therefore new candidate values shall be introduced, e.g.
MeasCycleSCell-r10 ::=				ENUMERATED {sf40, sf80, sf160, sf256, sf320, sf512,
													sf640, sf1024, sf1280, spare1}
For instance, new values of 40ms and 80ms can be introduced. Note that sf40 and sf80 are just for example, it could be any other values smaller than 160ms.
Proposal 4:  New candidate values for MeasCycleSCell which are smaller than 160ms shall be introduced.
Other ways to reduce the cell identification delay and measurement period is to reduce the factor before measCycleScell or Tidentify_scc1/ Tmeasure_scc1.  Thus, it is proposed:
Proposal 5: Revisit the multiple factor of 20 before measCycleScell in Tidentify_scc = max(20 measCycleSCell, Tidentify_scc1) without changing identification requirement on a secondary component carrier.
Proposal 6: Revisit the multiple factor of 5 before measCycleScell in Tmeasure_scc =max( 5 measCycleSCell, Tmeasure_scc1) without changing measurement accuracy requirement on a secondary component carrier.
Proposal 7: Revisit  Tidentify_scc1 in Tidentify_scc = max(20 measCycleSCell, Tidentify_scc1) without changing identification requirement on a secondary component carrier.
Proposal 8: Revisit  Tmeasure_scc1  in Tmeasure_scc =max( 5 measCycleSCell, Tmeasure_scc1) without changing measurement accuracy requirement on a secondary component carrier.

Conclusions
In this contributions, some measurement requirements for high speed scenario are discussed, and proposals are drawn as below,
Proposal 1: Revisit UE measurement capability on number of cell to be monitored for PCC.
Proposal 2: Revisit UE measurement capability on number of cell to be monitored for SCC.
Proposal 3:  When highSpeedEnhancedMeasFlag is configured, the enhanced measurement requirements shall apply to measurements of all the secondary component carriers with active SCell.
Proposal 4:  New candidate values for MeasCycleSCell which are smaller than 160ms shall be introduced.
Proposal 5: Revisit the multiple factor of 20 before measCycleScell in Tidentify_scc = max(20 measCycleSCell, Tidentify_scc1) without changing identification requirement on a secondary component carrier.
Proposal 6: Revisit the multiple factor of 5 before measCycleScell in Tmeasure_scc =max( 5 measCycleSCell, Tmeasure_scc1) without changing measurement accuracy requirement on a secondary component carrier.
Proposal 7: Revisit  Tidentify_scc1 in Tidentify_scc = max(20 measCycleSCell, Tidentify_scc1) without changing identification requirement on a secondary component carrier.
Proposal 8: Revisit  Tmeasure_scc1  in Tmeasure_scc =max( 5 measCycleSCell, Tmeasure_scc1) without changing measurement accuracy requirement on a secondary component carrier.
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When DRX is in use the UE shall be able to identify a new detectable FDD or TDD cell on a secondary component

carrier Within Tigentify sce. according to the parameter measCycleSCell where Tigentiy sec = max(20 measCycleSCell,
Tidentify_sce1)- Tidentify scc1 15 given in table 8.3.3.2.2-1.

Table 8.3.3.2.2-1: Requirement for Tidentity_scc1

DRX cycle Tidentify_scc1 (S) (DRX
length (s) cycles)
<0.04 0.8 (NoteT)
0.04<DRX- Note2 (40)
cycle<0.08
0.128 3.2(25)
0.128<DRX- Note2(20)
cycles2.56

Note1: Number of DRX cycle
depends upon the DRX cycle
inuse

Note2: Time depends upon the DRX
cycle in use





