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1	Introduction
As indicated in the email moderator summary “Moderator’s summary for discussion [RAN93e-R18Prep-14] Additional RAN1/2/3 candidate topics, Set 1” Mobility related CA/DC enhancements for FR2 e.g. SCell/SCG setup delay reduction with early measurement enhancement were considered non-controversial. Based on the email discussions RAN#93e endorsed [2] RAN Chair’s Summary for RAN Release 18 in [1] and as part of the endorsed RAN Chair’s Summary, RAN#93e endorsed that mobility related CA/DC aspects are included to the Release 18 Mobility Enhancement item.  
Following RAN#93e agreements mobility related CA/DC enhancements for Rel-18 were discussed as part of the mobility work topic during the second email discussion and was supported by many operators at the time. However, the mobility related CA/DC discussion topic was dropped from the discussion due to misunderstanding that RAN2 would handle some Early Measurement Reporting (EMR) improvements under TEI17, as shown in the initial phase email conclusion of the moderator summary in [5] (shown below for convenience).
SCell/SCG setup delay reduction with early measurement enhancements
There seems the majority thinks this objective is relevant to what is discussing in TEI17 in RAN2 although some companies hold different understanding. Therefore almost all the companies think it is not urgent to make a decision for now. Thus moderator think this objective is postponed until Rel-17 TEI17 discussion becomes clearer. This seems no need to be further discussed in the next round.
Initial Phase Conclusion 5: SCell/SCG setup delay reduction with early measurement enhancements is postponed (can be revisited at a later phase once TEI17 relevant discussion is concluded).
However, during the email discussion no company was able to actually indicate which TEI17 proposal was being discussed here, and it doesn't seem like there are any such improvements cases discussed in any of the WGs. In the latest RAN2#116e meeting, no TEI17 proposals for CA/DC or EMR were agreed. Also, in earlier RAN2 meetings no such TEI17 enhancements have been agreed, and it's unlikely that any such new Rel-17 proposals will be considered anymore in the coming RAN WG meetings. 
2	Mobility related CA/DC enhancement objectives 
To improve the FR2 performance with EMR, the FR2 measurement delays should be reduced. This requires RAN4 efforts to understand what is feasible given realistic UE implementations, but the basis of the work is done in RAN2 in EMR procedures. The basic procedures for using EMR can be at least partially reused while ensuring excess UE power consumption is not required. The detailed EMR background and the performance analysis can be found in Annexes A-C. The following excerpt is from the latest moderator summary in [5], which also refers to the previous agreements from the earlier moderator summary in [4].
	Proposal 3 (non-controversial): For CA/DC enhancement, continue RAN discussions on the following potential enhancements to determine whether or not to include as part of Rel-18.
· Cross carrier operation enhancement (RAN1, RAN2)
· For example, multi-cell scheduling with single DCI, FR2 SCell scheduling for PUSCH on FR1 PCell, cross carrier HARQ 
· Multi-RAT Multi-Connectivity, MR-MC (RAN2, RAN3, RAN1):
· For example, enhanced simultaneous UL transmissions and DL receptions with multiple cell group management
· FR2-specific aspects (RAN2, RAN4)
· For example, SCell/SCG setup delay reduction with early measurement enhancement

Among the proposals, the moderator thinks the following two aspects are related to mobility, while the others seems to be independent CA/DC enhancements, unrelated to mobility.
1. “MR-DC with selective activation of the cell groups” where multiple cell groups can be configured by RRC for a UE, but only (up to) two cell groups can be active simultaneously, as the two cell groups which are active at a time could be typically related to the UE movement.
2. SCell/SCG setup delay reduction with early measurement enhancement, as the main intention is to reduce the SCell/SCG setup latency after mobility.



As the moderator already indicated that the latter two (non-controversial) objectives were related to mobility. However, during the discussion, confusion arose as to whether these could be covered already by TEI17 proposals. But as noted above, there was no TEI17 proposal agreed that would address these aspects. Therefore, we would like to ensure that the non-controversial mobility related CA/DC enhancements supported by many companies and agreed in RAN#93e to be part of the Rel-18 mobility enhancements WI, will be included to the Mobility Enhancement WI.
Proposal: Add the following mobility related CA/DC objectives to the Rel-18 mobility enhancements WI, reflecting the RAN#93e conclusions.
To specify mobility related FR2-specific CA/DC enhancements [RAN2, RAN4​]
· Procedures and criteria for mobility related FR2-specific CA/DC enhancements to improve FR2 SCell/SCG setup delays and early measurement reporting [RAN2]
· FR2 UE RRM Requirements for FR2 early measurement report enhancements for FR2 SCell/SCG cell setup times [RAN4]

3	Conclusion
This document has discussed Rel-18 mobility related CA/DC enhancements and earlier RAN decisions to include such enhancements to be part of Rel-18 Mobility Enhancements item. Based on the discussion we make the following proposal:
Proposal: Add the following mobility related CA/DC objectives to the Rel-18 mobility enhancements WI, reflecting the RAN#93e conclusions. 
To specify mobility related FR2-specific CA/DC enhancements [RAN2, RAN4​]
· Procedures and criteria for mobility related FR2-specific CA/DC enhancements to improve FR2 SCell/SCG setup delays and early measurement reporting [RAN2]
· FR2 UE RRM Requirements for FR2 early measurement report enhancements to reduce FR2 SCell/SCG cell setup times [RAN4]
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Annex A: Background information on current early measurements
The Rel-16 early measurements were designed based on the LTE early measurement procedures introduced in Rel-15, and allow faster CA/DC setup when UE transitions from RRC_IDLE or RRC_INACTIVE to RRC_CONNECTED. The delay is reduced by UE proactively doing the measurements "early" as shown in Figure 1 below.
[image: ]
Figure 1 Principle of early measurement procedures
The same principle can be applied for both FR1 and FR2 measurements, but the Rel-16 work on EMR focused mainly on FR1, with FR2 being done based on SSB measurements only. Consequently, RAN4 requirements for the FR2 RRM are not optimal. The assumption is that the gNB transmits the SSBs in a "sweeping" manner (covering all directions in a TDM manner) and the UE will additionally need to sweep its Rx in order to receive in a spherical coverage. Thus, UE needs to detect and measure new cells to maintain connection between the UE and the network, but this requires some additional effort and power consumption compared to FR1.
Annex B:	Current FR2 measurement requirements
The UE requirements for UE Rx sweeping and the related UE requirement were developed based on the assumption that UEs can receive in one Rx direction at a time. The current RAN4 requirements for FR2 inter-frequency measurement delays in RRC_IDLE are as follows (TS38.133 table 4.2.2.4-1):
Table 4.2.2.4-1: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x 1.5 (36 x N1 x 1.5)
	1.28 x N1 x 1.5 (4 x N1 x 1.5)
	5.12 x N1 x 1.5 (16 x N1 x 1.5)

	0.64
	
	5
	17.92x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.



Looking at these delays, even when only considering Tdetect,NR_Inter and Tmeasure,NR_Inter, can be significant. For example, even when measuring only 1 inter-frequency carrier, with DRX cycle = 320ms the overall delay based on minimum requirements would be DRX cycle * (36 x N1 x 1.5)+ (4 x N1 x 1.5) = 320*40*8*1,5= 153600ms = 153,6 s ~ 2.5 minutes. Thus, the FR2 measurement delays can be very large and scale increase linearly with the number of carriers. 
Observation B1: The FR2 measurement delays in RRC_IDLE can be very large.
Observation B2: As these measurements maybe 2.5 minutes old, in case the network uses early measurements for FR2 and sets up CA/DC connection, the CA/DC setup may result in failure. Thus, the network should not use RRC_IDLE based early measurements for FR2 to setup CA/DC. This leaves the network with no early CA/DC setup related solution for FR2. 
For RRC_CONNECTED, UE requirements for performing measurement in connected mode are defined in TS 38.133 section 9.3 (Table 9.3.4-2, Table 9.3.4-4 and Table 9.3.5-2). Considering (best case) scenario where no DRX is in use, the UE delay is the sum of: 
1) Cell detection: Max(600ms, Mpss/sss_sync_inter ´ Max(MGRP, SMTC period)) ´ CSSFinter = 24*40 = 960ms
2) SSB index reading: Max(200ms, MSSB_index_inter ´ Max(MGRP, SMTC period)) ´ CSSFinter = 24*40 = 960ms
3) Measurement period: Max(400ms, Mmeas_period_inter ´ Max(MGRP, SMTC period)) ´ CSSFinter = 40*40=1600ms

Assuming SMTC=20ms and measurement gap repetition period of 40ms, with only 1 inter-frequency carrier to measure This amounts to measurement delay of 960ms + 960ms + 1600ms = 3520ms, which is an order of magnitude smaller than the RRC_IDLE delay. (And as with other requirements, the delay scales linearly with the number of carriers and will be higher if more carriers are used). 
Observation B3: FR2 minimum requirements in RRC_CONNECTED allow much faster measurements than RRC_IDLE measurements.
Based on these, the next section illustrates some performance analysis (via simulation results) on impacts of potential improvements to the current requirements.
Annex C:	System performance analysis
System level simulation results in Figure 2 show that the long idle mode Tmeasure,NR_Inter and the rapidly changing channel conditions in FR2 can cause significant deviation in measurement results compared to connected mode measurements particularly when UE is moving faster than pedestrian speed. The results also shows that in FR1 the deviation of measurement results is clearly smaller than in FR2 i.e. better match in idle and connected mode measurements in FR1. These simulations are performed with the most conservative DRX cycle settings from TS 38.133 table 4.2.2.4-1, 0.32 and 0.64 seconds in Dense Urban scenario with inter-site distance of 200 meters, following models from 3GPP TR 38.901 and 3GPP TR 38.802.
[image: ]
[bookmark: _Ref88130367]Figure 2 Simulation results comparing idle and connected mode measurements in FR1 and FR2
Further simulation results in Figure 3 show the impact of CA/DC setup delay on user experience throughput in scenario where macro cells are deployed on FR1 with 20 MHz bandwidth and micro cells on FR2 with 100 MHz bandwidth and there are 5 MB files to transmit in downlink. The FR2 cells are used for data transmission in this simulation case only after CA/DC setup delay has passed so the impact of getting efficient offloading on 100 MHz carrier is significant on user throughput. The setting that provides worst throughput, Legacy-3200ms, is using connected mode definitions in TS 38.133 section 9.3 without any enhancements. Ideal-0ms provides the best throughput, but it is used for reference purposes only as the upper limit of performance using the simulated carriers. Enhanced 50, 100, 200, 500ms settings show how much the user experience would be improved if such levels of CA/DC setup delays would be achieved with enhancements. E.g. in both low and high network load conditions Enhanced-500ms would provide about 2x or more user experienced throughput than Legacy-3200ms. Taking into account that only 1 inter-frequency carrier is measured here so Legacy-3200ms delay is not even at the upper bound, the improvements would be very significant
[image: ]
[bookmark: _Ref88130440]Figure 3 Simulation results comparing different CA/DC setup delays
Observation C1: There is substantial potential for throughput gains if the FR2 measurement delays can be reduced.
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