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1. Introduction

In RAN4#94-e, the requirements for multiple SCell activation were discussed and the outcomes are captured in the agreed WF [1]. Based on our understanding, the remaining issues include:
· Scenarios to be considered for defining requirements 
· MAC PDU processing time for NR-DC
· Scaling of the cell detection time due to searcher limit
· Extension of the activation delay due to interruption 
· Interruption to other serving cells
In this paper, we will provide our views on the above issues in multiple SCell activation requirements.
2. Discussion
2.1. Scenarios
In [1] the following bullets are listed related to the scenarios for defining the requirements.
	· Companies are invited to provide analyses on suitable requirement scope to next RAN4 meeting:

· Following bullets are for information

· FFS: whether or not to consider interruption of LTE SCell activation to NR SCell activation in EN-DC and NE-DC cases 

· FFS: whether or not to define requirement of multiple SCell activations in different CGs for UE without per-FR MG capability in NR-DC

· If requirement shall be defined for this case, FFS if the delay extension due to interruption could be decided by the largest time component in victim SCell activation

· FFS: whether or not to define requirement of multiple SCell activations of if to-be-activated SCells includes FR1 unknown and FR1 known SCells on the same band

· FFS: whether or not to define requirement  of multiple SCell activations if to-be-activated SCells includes FR1 known SCells with 160ms SCell measurement cycle(s) and >160ms SCell measurement cycle(s) on the same band 

· FFS: whether or not to design delay requirement of multiple SCell activation based on at most one interruption during the target SCell activation 


In our view, for defining the requirements for multiple SCell activation,
· RAN4 does not consider the scenario with LTE SCell operation during NR SCell activation

· As LTE cells and NR cells are in different CGs, the SCell operation in LTE side may interrupt any steps in multiple SCell activation in NR, and it would be quite difficult to specify the requirements because the exact timeline for SCell activation, e.g. how many SSB samples are used for AGC, cell detection, T/F tracking etc. are up to UE implementation. 

· On the other hand, we understand the case where LTE SCell operation occurs during NR SCell activation time is not happening very often in the real network.

· It should also be noted that even the single SCell activation in NR may be interrupted by LTE SCell operation, but this has not been considered in Rel-15.

· RAN4 does not consider the scenario for multiple SCell activation with two MAC CEs in each CG of NR-DC for per-UE gap capable UE

· In NR-DC case, the RF re-tuning time cannot be aligned between CGs, and when UE supports per-UE gap, the RF re-tuning in one CG may interrupt the SCell activation in the other CG, and it is similar case as above.
· RAN4 considers the scenario when intra-band FR1 unknown SCell, FR1 known SCell with >160ms measurement cycle and FR1 known SCell with 160ms measurement cycle are activated by the same MAC CE
· The three types of SCells have different assumptions in AGC, so when SCells of any two types are activated by the same MAC CE, the activation of one SCell may be interrupted by AGC for another SCell, which means the activation delay will be extended. As there are three cases to be considered here (1+2, 1+3 and 2+3), the standardization efforts should still be manageable.

· On the other hand, excluding this case may be too restrictive from network perspective. 
Based on above analysis, we propose

Proposal 1: RAN4 does not define requirements for the scenario with LTE SCell operation during NR SCell activation.
Proposal 2: RAN4 does not define requirements for the scenario for multiple SCell activation with two MAC CEs in each CG of NR-DC for per-UE gap capable UE.

Proposal 3: RAN4 defines requirements for the scenario when intra-band FR1 unknown SCell, FR1 known SCell with >160ms measurement cycle and FR1 known SCell with 160ms measurement cycle are activated by the same MAC CE.
2.2. MAC PDU processing time in NR-DC
In [1] the following open issue is captured related to MAC PDU processing time in NR-DC.

	· MAC CE processing time:

· For NR-CA, EN-DC, and NE-DC, the MAC processing and application time shall be 3ms.

· FFS: In NR-DC scenario, if two MAC PDUs on dual NR CGs are received within 3ms, the MAC processing and application time shall be

· Option 1: 3ms;

· Option 2: 6ms.


Based on the discussion in RAN4#94-e, the question is whether UE can keep the 3ms MAC PDU processing time in NR-DC when two MAC PDUs (one for each CG) comes at the same time or with short period (<3ms) in between, or the total processing time for the two PDUs needs to be extended to account for e.g. the fact the two PDUs are process in sequential manner or partially sequential manner.
In our view, UE supporting NR-DC should be able to keep the 3ms MAC PDU processing time when the two MAC PDUs (one for each CG) comes at the same time or with short period. The issue is not specific to multiple SCell activation, but it is generic for all MAC PDU processing. If this 3ms processing time cannot be kept, many MAC CE based procedure may be impacted, which has not been considered by RAN1 or RAN2, and we do not think RAN4 should make this assumption for the particular procedure of multiple SCell activation.
Proposal 4: MAC PDU processing time is kept as 3ms for NR-DC case.
2.3. Scaling due to searcher limit

In [1] the following open issues are captured related to extension of the multiple SCell activation delay due to searcher limit. 
	· When more than 1 unknown SCells are activated, the cell detection time for each SCell is scaled by N. N shall be the sum of the number of all unknown FR1 SCells being activated and the number of FR2 bands with unknown SCells being activated.
· FFS: whether or not FR1 Unknown SCells that are contiguous to FR1 known cell or FR1 active serving cell can be accounted for in N and can be scaled by N.
· FR2 - Unknown SCells that are in the same band as known cell or active serving cell (FR2), are not accounted for in N and are not scaled by N.
· the cell identification and RRM measurement for other SCCs is not assumed during the longest cell detection time among unknown SCells being activated in multiple SCell activation requirement design
· FFS: definition of “cell detection time” 
· Option 1: means the time of cell synchronization and AGC settling for unknown case, i.e., “TFirstSSB_MAX + TSMTC_MAX+TRS” in FR1 unknown case, “24*Trs” in FR2 unknown case without existing active serving cell on same band


Issue 1: whether the scaling needs to account for the FR1 unknown SCell which is contiguous to known or active serving cell in the same band. 
In our understanding, UE can skip AGC and cell detection for an unknown SCell if there is active serving cell or if there is known SCell being activated at the same time that meets the following condition:

· C1: The active or known serving cell and the unknown SCell are co-located
· C2: The active or known serving cell and the unknown SCell are synchronized with timing error < 260ns

· C3: The active or known serving cell and the unknown SCell employ the same Tx beam for the SSB with same index in an SSB burst
For FR2 intra-band CA case, all three conditions are met (some clarifications for C3 is needed and addressed in our companion paper for Rel-15). For FR1 intra-band contiguous CA case, C1 and C2 are met, however, we do not think C3 can be assumed because in FR1 the Tx beamforming is in digital domain, so it is possible for two contiguous serving cells to use different Tx beams on the same symbol. Also, in the real deployment, the two contiguous serving cells are not necessarily covering the same directions with same set of Tx beams. 

If the SSB burst is different or different sets of Tx beams are used, the timing and gain setting derived from the active or known serving cell cannot provide reliable input for the SCell being activated, so UE still needs to perform AGC and cell search for the SCell being activated.
Proposal 5: FR1 unknown SCell which is contiguous to known or active serving cell in the same band is still accounted the scaling due to searcher limit.
Issue 2: whether the “cell detection time” includes cell search time and AGC settling time.

In our understanding, UE may perform AGC and cell search at the same time. This is because 

· cell search may fail if a wrong gain setting is used, and 

· AGC settling needs to be based on SSB symbols, but the timing is not known for unknown SCell
This means depending on whether the initial gain setting is suitable or not, UE may perform cell search on the first and second SSB_MAX and the third Trs, so the cell detection time that is to be scaled in multiple SCell activation should include the cell search time and AGC settling time, i.e. “TFirstSSB_MAX  + TSMTC_MAX + TRS” in FR1 and “24*Trs” in FR2.
Proposal 6: The cell detection time that is to be scaled in multiple SCell activation should include the cell search time and AGC settling time.
2.4. Delay extension due to interruption
In [1] the following open issues are captured related to the activation delay extension due to interruption from other SCell being activated at the same time.
	· FFS: if there is one single MAC CE for multiple SCell activation in each CG, is the interruption of RF tuning/retuning aligned on time domain among multiple being-activated SCells within each CG?
· FFS on the necessity of the delay extension due to interruption on L1-RSRP measurement resource
· FFS: Interruption to AGC settling
· Option 1:
· For simultaneous activation (MAC CE on same time point), 
· if the concerned SCell activation requires AGC, its activation delay is not extended;
· if the concerned SCell activation does not require AGC, its activation delay is extended by one SMTC period if AGC is required by any other SCell in the same band.
· For non-simultaneous activation (MAC CE on different timing points for different CGs),
· if the concerned SCell activation requires AGC, its activation delay is extended by the whole AGC settling time;
· if the concerned SCell activation does not require AGC, its activation delay is extended by one or two SMTC periods.
· Other option is not precluded


Issue 1: whether RF re-tuning time is aligned for multiple SCell activation with single MAC CE

Per Rel-15 requirements, UE is allowed to re-tune the RF for SCell activation at any time between the end of the MAC CE processing time and the start of the first SMTC applicable for the required activation step. For multiple SCell activation, however, our view is that the RF re-tuning time should be aligned, i.e. there is a single RF re-tuning for all the SCells activated by the same MAC CE.
If UE is still allowed to do RF re-tuning separately for each SCell, even among the SCells being activated with the same MAC CE, the RF re-tuning of one SCell may interrupt the activation steps of other SCells, e.g. when the SMTC offsets for different SCCs, or if the first applicable SMTC for one SCell is later than another SCell. The case would be similar as DC case with two CGs, and it is difficult to specify the requirements.
Another drawback of the separate RF re-tuning is that there will be multiple interruptions to active serving cells, because each RF re-tuning would cause a 0.5ms interruption in the active serving cells. 
Proposal 7: RF re-tuning is assumed to be aligned for multiple SCell activation with single MAC CE, and there is no activation delay extension due interruption caused by RF re-tuning.
Issue 2: whether interruption to L1-RSRP measurement needs to be considered
L1-RSRP measurement is performed during FR2 SCell activation if there is no active serving cell in the FR2 band and the SCell being activated is unknown. It is assumed to be after AGC and cell search, i.e. after UE gets the coarse timing of the SCell. 

· For NR CA case: If Proposal 7 is agreeable, and considering RF re-tuning is aligned and is always before AGC and cell search, the RF re-tuning of one SCell would never interrupt L1-RSRP measurement of another SCell. 

· For NR-DC case: If Proposal 2 is agreeable, and considering that we only have MCG in FR1 and SGC in FR2 in Rel-16 NR-DC, the RF re-tuning due to activation of FR1 SCells will not cause interruption to L1-RSRP measurement on FR2 SCell because UE supports per-FR gap.
Based on above analysis, we propose:
Proposal 8: Interruption to L1-RSRP measurement is not considered for multiple SCell activation in NR CA or NR-DC.
Issue 3: how to account for AGC interruption in the delay extension 
AGC settling is assumed to be performed for the following types of SCells:

· FR1 known SCell with measurement cycle > 160ms: 1 SSB sample assumed 

· FR1 unknown SCell: 2 SSB samples assumed

· FR2 unknown SCell: 2*8=16 SSB samples assumed

AGC settling is assumed to cause interruption to the other active serving cells in the same band. The length of the interruption is SMTC duration. 
When multiple SCells in the same FR1 band are activated by the same MAC CE, AGC for one SCell may cause extension to the activation of some SCell in the following cases:

· FR1 known SCell with measurement cycle 160ms + FR1 known SCell with measurement cycle > 160ms
· In this case, SCell1 can start T/F tracking on the first SMTC, while SCell2 would perform AGC on the first SMTC_MAX. If they are using the same SMTC window, e.g. when SMTC are same for all the SCCs in the band, the activation delay of SCell1 will be extended by one SMTC period.
· FR1 known SCell with measurement cycle 160ms + FR1 unknown SCell
· In this case, SCell1 can start T/F tracking on the first SMTC, while SCell2 would perform AGC on the first two SMTC_MAX. If they are using the same SMTC window, e.g. when SMTC are same for all the SCCs in the band, the activation delay of SCell1 will be extended by one SMTC period. 

· Note that although SCell2 uses 2 SSB samples for AGC settling, we are assuming the interruption due to AGC is only occurring on the first SSB sample.
· FR1 known SCell with measurement cycle > 160ms + FR1 unknown SCell 

· In this case, both SCell1 and SCell 2 would perform AGC on the first SMTC_MAX. SCell1 will then perform T/F tracking on the next SMTC, while SCell2 would perform AGC on the second SMTC_MAX. No matter if they are using same SMTC window or not, there should be extension to the activation of SCell1.
· Note that although SCell2 uses 2 SSB samples for AGC settling, we are assuming the interruption due to AGC is only occurring on the first SSB sample.
Note that AGC interruption will not cause delay extension in multiple FR2 SCell activation because UE is not assumed to perform AGC and cell search when the unknown SCell is activated in the same MAC CE as a known SCell in the same band 
Proposal 9: When SCell1 and SCell2 in the same FR1 band are activated by the same MAC CE, the activation delay of SCell1 is extended by one SMTC period in the following cases.
· Case 1: SCell1 is FR1 known SCell with measurement cycle 160ms, and SCell2 is FR1 known SCell with measurement cycle > 160ms,

· Case 2: SCell1 is FR1 known SCell with measurement cycle 160ms, and SCell2 is FR1 unknown SCell 

2.5. Interruption to other serving cells
In [1] the following open issue is captured related to interruption to other active serving cells due to multiple SCell activation. 

	· FFS: Interruption(s) on other serving cells when multiple SCells are being activated
· Option1: In EN-DC, NE-DC, NR SA, the total interruption length of multiple SCell activations shall be same as the longest single interruption time among those SCell activations. In NR-DC, if two MAC CEs are used for multiple SCell activations in different CGs, it can be up to two individual interruptions during the activation delay, and each interruption length shall be same as the longest single interruption time among SCell activations in that CG.
· Option 2: In case of activation of multiple cells, there will be multiple interruptions to other active cells. A group of contiguous cells being activated will only cause one interruption on already active cells. Each non-contiguous cell being activated/deactivated can cause an independent interruption to already active cells. The length of interruptions should be the same as defined in Rel-15 


Issue 1: interruption caused by RF re-tuning 
Following Proposal 7, the RF re-tuning is aligned for all the SCells activated by the same MAC CE. As a result, there would be only one interruption to other active serving cells, and the interruption length would depend on the SCS of the victim serving cells.

In case of two MAC CEs (NR-DC), following proposal 2, there will be no interruption to active serving cells in one CG due to RF re-tuning in another CG because UE supports per-FR gap. 

Issue 2: interruption caused by AGC settling 
AGC settling would only cause interruption to the active serving cells in the same band as the SCells being activated. In our view, this interruption would only occur on the first SMTC_MAX no matter how many SSB samples are assumed for AGC for each SCell.
Based on above analysis, the interruption requirements for multiple SCell activation can re-use those for single SCell activation.

Proposal 10: Interruption requirements for multiple SCell activation can re-use those for single SCell activation.
3. Conclusions

In this paper we provided our views on the scope gNB requirements for NR positioning.
Proposal 1: RAN4 does not define requirements for the scenario with LTE SCell operation during NR SCell activation.

Proposal 2: RAN4 does not define requirements for the scenario for multiple SCell activation with two MAC CEs in each CG of NR-DC for per-UE gap capable UE.

Proposal 3: RAN4 defines requirements for the scenario when intra-band FR1 unknown SCell, FR1 known SCell with >160ms measurement cycle and FR1 known SCell with 160ms measurement cycle are activated by the same MAC CE.
Proposal 4: MAC PDU processing time is kept as 3ms for NR-DC case.
Proposal 5: FR1 unknown SCell which is contiguous to known or active serving cell in the same band is still accounted the scaling due to searcher limit.
Proposal 6: The cell detection time that is to be scaled in multiple SCell activation should include the cell search time and AGC settling time.
Proposal 7: RF re-tuning is assumed to be aligned for multiple SCell activation with single MAC CE, and there is no activation delay extension due interruption caused by RF re-tuning.
Proposal 8: Interruption to L1-RSRP measurement is not considered for multiple SCell activation in NR CA or NR-DC.
Proposal 9: When SCell1 and SCell2 in the same FR1 band are activated by the same MAC CE, the activation delay of SCell1 is extended by one SMTC period in the following cases.
· Case 1: SCell1 is FR1 known SCell with measurement cycle 160ms, and SCell2 is FR1 known SCell with measurement cycle > 160ms,

· Case 2: SCell1 is FR1 known SCell with measurement cycle 160ms, and SCell2 is FR1 unknown SCell 

Proposal 10: Interruption requirements for multiple SCell activation can re-use those for single SCell activation.
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