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1	Introduction
[bookmark: _Ref178064866]In RAN#85, RAN approved some updates for DC and CA enhancements [1], including the additional objective:
	1. Introduce support for unaligned frame boundary with slot alignment and partial SFN alignment for R16 NR inter-band CA [RAN1, RAN2]
· Misalignment should be limited to ±76800Ts
· Signaling support for slot offset if necessary
Note: Unaligned frame boundary is only allowed for certain band combination
Note: Necessity of signaling support of slot offset should be discussed in RAN1
Note: Blind detection of slot offset is not in scope
Note: No optimization for MAC
Note: Feature is optional and capability signaling is introduced by RAN2 



In this contribution, we analyse the RAN2 impact from introducing the support for unaligned frame boundary.
2	Discussion
2.1  Control plane
In this section we analyse the impact on 38.331 from introducing unaligned frame boundaries, both in terms of required additional signalling and in functions that are dependent of the SFN timing.  
2.1.1  RRC configuration 
According to the RAN plenary agreements, the necessity of signalling support is to be discussed in RAN1. In RAN1#98bis this was discussed, see feature lead summary in [1]. The RAN1 agreement was that explicit RRC signalling of slot offset to the UE in unaligned frame boundary with slot alignment and partial SFN alignment inter-band CA will be introduced. 
[bookmark: _Toc24060675]RAN1 agreed to introduce RRC signalling of slot offset to the UE in unaligned frame boundary with slot alignment and partial SFN alignment inter-band CA.
However, RAN1 discussion did not conclude on the definition of the slot offset. Thus, from RAN2 point of view, the proposal is to await further input from RAN1 on the signalling.
[bookmark: _Toc24060685]RAN2 to await input from RAN1 on the signalling of the frame boundary slot offset.
2.1.2  Capability signalling
RAN#85 plenary agreed that the support for unaligned frame boundary with slot offset will be optional and that capability signalling is to be introduced by RAN2. The UE capability bit should be a per UE capability bit, e.g. in Phy-Parameters. RAN1 is yet to discuss the L1 capability bits for Rel-16. RAN1 plans to have an initial discussion on the L1 capabilities in November meeting, with finalization in Q1 next year. Thus, RAN2 needs to wait for the RAN1 input on the capability bit.
[bookmark: _Toc24060686]RAN2 to await input from RAN1 for UE capability signalling for unaligned frame boundary with slot offset.
2.1.3  Measurement gap calculation
With the introduction of slot offset in SFN timing on Scells within a cell group, it is important that the UE uses the right reference when calculating the gap pattern timing. The formulas for measurement gap pattern calculation in section 5.5.2.9 of 38.331 currently includes the following notes regarding the SFN and subframe used in the calculations:
NOTE 1: For gapFR2 configuration, for the UE in NE-DC or NR-DC, the SFN and subframe of the serving cell indicated by the refServCellIndicator in gapFR2 is used in the gap calculation. Otherwise, the SFN and subframe of a serving cell on FR2 frequency is used in the gap calculation
NOTE 2: For gapFR1 or gapUE configuration, for the UE in NE-DC or NR-DC, the SFN and subframe of the serving cell indicated by the refServCellIndicator in corresponding gapFR1 or gapUE is used in the gap calculation. Otherwise, the SFN and subframe of the PCell is used in the gap calculation.
According to the notes, FR1 gap pattern is either based on SFN and subframe of the PCell or the serving cell indicated by refServCellIndicator: 
	refServCellIndicator
Indicates the serving cell whose SFN and subframe are used for gap calculation for this gap pattern. Value pCell corresponds to the PCell, pSCell corresponds to the PSCell, and mcg-FR2 corresponds to a serving cell on FR2 frequency in MCG.



According to above, the situation should be clear for FR1 gap pattern that for NR CA the reference point is the PCell SFN timing, whereas for NE-DC or NR-DC it is indicated by refServCellIndicator. 
[bookmark: _Toc24060676]Unaligned frame boundaries within a cell group introduces no ambiguity with regards to FR1 gap pattern calculation.
For FR2 gap pattern, both the note and field description of refServCellIndicator refer to “a serving cell on FR2 frequency”. Up to now the frame timing has been the same for serving cells within a cell group, and thus it has not mattered which serving cell is used as reference. This changes with the introduction of unaligned frame boundaries. Though the SFN will still be partially aligned, the frame alignment may vary. The introduction of a slot offset between frame timing among serving cells may cause ambiguity in the measurement gap pattern calculation, as the UE may base the calculation on any FR2 serving cell. 
[bookmark: _Toc24060677]Unaligned frame boundaries within a cell group introduces ambiguity with regards to FR2 gap pattern calculation.
To ensure the UE uses a known reference point also for FR2 gap pattern calculation in a network with unaligned frame boundaries within a cell group, either PCell or PSCell could be used, depending on whether the pattern is related to MCG or SCG. This should work, even though PCell/PSCell may not be on FR2. The gap pattern configuration should include sufficient granularity in terms of gap length (mgl), repetition (mgrp), offset (gapOffset) and timing advance (mgta) to allow configuration across serving cells with unaligned frame boundaries. The situation is similar as for asynchronous EN-DC or NE-DC as shown in figure 1 below (borrowed from 38.133, figure 9.1.2-1). There are also tables in 38.133 showing the number of interrupted slots on serving cells for different configurations.
[image: cid:image002.png@01D59484.3156BE60]
Figure 1: Measurement GAP and total interruption time on serving cells for EN-DC, NR standalone operation (with single carrier, NR CA and NR-DC configuration) and NE-DC
For NE-DC and NR-DC, the ambiguity can be solved by the network by proper setting of refServCellIndicator. For NR SA, Note 1 above should probably be updated to refer to PCell instead of “a serving cell on FR2 frequency”. However, this change should be confirmed with RAN4 before agreement. Therefore, we propose to send an LS to RAN4 to ask about the feasibility of using PCell as reference for FR2 gap pattern calculations.
[bookmark: _Hlk23941981][bookmark: _Toc24060687]Send LS to RAN4 to ask for the feasibility of using PCell for NR SA as reference for FR2 gap pattern calculation.
2.1.4  System information modification period
As part of system information update, a system information modification period is defined in 38.331, section 5.2.2.2.2, as follows:
A modification period is used, i.e. updated SI (other than for ETWS and CMAS) is broadcasted in the modification period following the one where SI change indication is transmitted. The modification period boundaries are defined by SFN values for which SFN mod m = 0, where m is the number of radio frames comprising the modification period. The modification period is configured by system information. The UE receives indications about SI modifications and/or PWS notifications using Short Message transmitted with P-RNTI over DCI (see clause 6.5). Repetitions of SI change indication may occur within preceding modification period.
The modification period is calculated based on a modulo operation on SFN. The introduction of unaligned frame boundaries between serving cells within the cell group will mean some uncertainty as to when the period expires, as the SFN of an SCell may be offset from the PCell SFN by up to one radio frame.
[bookmark: _Toc24060678]Unaligned frame boundaries within a cell group introduces ambiguity for the system information modification period.
It should therefore be clarified that the SFN used as reference should be the SFN of the PCell. The text could be updated as follows:
A modification period is used, i.e. updated SI (other than for ETWS and CMAS) is broadcasted in the modification period following the one where SI change indication is transmitted. The modification period boundaries are defined by PCell SFN values for which SFN mod m = 0, where m is the number of radio frames comprising the modification period. The modification period is configured by system information. The UE receives indications about SI modifications and/or PWS notifications using Short Message transmitted with P-RNTI over DCI (see clause 6.5). Repetitions of SI change indication may occur within preceding modification period.
[bookmark: _Toc24060688]Update the system information modification period calculation to clarify that the SFN used as reference is the SFN of the PCell.
2.1.5  System information window
Similar as for the system information modification period, the system information window calculation in 38.331, section 5.2.2.3.2 is also based on SFN:
When acquiring an SI message, the UE shall:
1>	determine the start of the SI-window for the concerned SI message as follows:
2>	for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList in si-SchedulingInfo in SIB1;
2>	determine the integer value x = (n – 1) × w, where w is the si-WindowLength;
2>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N), where T is the si-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];
The SI-window period is calculated based on a modulo operation on SFN. The introduction of unaligned frame boundaries between serving cells within the cell group will mean some uncertainty as to when the window expires, as the SFN of an SCell may be offset from the PCell SFN by up to one radio frame.
[bookmark: _Toc24060679]Unaligned frame boundaries within a cell group introduces ambiguity for the system information window.
It should therefore be clarified that the SFN to use as basis for the system information window calculation shall be the PCell SFN, e.g. by following change:
When acquiring an SI message, the UE shall:
1>	determine the start of the SI-window for the concerned SI message as follows:
2>	for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList in si-SchedulingInfo in SIB1;
2>	determine the integer value x = (n – 1) × w, where w is the si-WindowLength;
2>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which PCell SFN mod T = FLOOR(x/N), where T is the si-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];
[bookmark: _Toc24060689]Update the system information window calculation to clarify that the SFN used as reference is the SFN of the PCell.
2.1.6  Reference signal measurement timing configuration
The calculation of SMTC occasion is based on SFN and subframe of the NR SpCell. Thus there is no ambiguity.
[bookmark: _Toc24060680]Unaligned frame boundaries within a cell group introduces no ambiguity for the reference signal measurement timing configuration.
2.2  User plane
In this section we discuss possible impact from the unaligned frame boundary on user plane operation. A similar analysis was also provided in [2].
2.2.1 Semi-persistent scheduling
Semi-persistent scheduling (SPS) is configured by RRC per serving cell and per bandwidth part. A DL assignment is provided by PDCCH, and stored or cleared based on L1 signalling indicating SPS activation or deactivation. The activation/deactivation is independent among the serving cells. The timing of the sequential downlink assignments is on slot granularity, calculated based on the SFN start time and slot time of the first transmission of PDSCH. 
In the description of the 38.331 IE SPS-Config used to configure SPS, there is a limitation that SPS is configured for at most one cell in a cell group: 
The IE SPS-Config is used to configure downlink semi-persistent transmission. Downlink SPS may be configured on the SpCell as well as on SCells. The network ensures SPS-Config is configured for at most one cell in a cell group.
Therefore, there appears to be no impact from unaligned frame boundaries between serving cells on SPS.
[bookmark: _Toc24060681]No impact expected from unaligned frame boundaries within a cell group on semi-persistent scheduling.
2.2.2 Configured grant
Similar to SPS, configured grants (CG) are configured by RRC per serving cell and per bandwidth part. Type 1 configured grants are configured completely with RRC, whereas for type 2 cs-RNTI, periodicity and nrofHARQ-Processes are configured by RRC, but the grants are signalled by PDCCH. There can be multiple configured grant configurations active simultaneously. As for SPS, the timing of sequential uplink grants is on slot granularity, for type2 calculated based on the SFN start time and slot time of the first transmission opportunity of PUSCH.
Since SPS is configured per serving cell and per bandwidth part, no impact of unaligned frame boundaries between PCell and SCells is expected.
[bookmark: _Toc24060682]No impact expected from unaligned frame boundaries within a cell group on configured grant.
2.2.3 DRX
DRX is configured per MAC entity, which means it is common for all serving cells of a cell group. Introducing a slot offset for the frame boundary per serving cell will therefore affect the DRX operation. Given the RAN1 agreement to signal the frame offset per serving cell, there seems to be two ways to solve the alignment of DL PDCCH transmissions with the DRX on duration:
1. The network can ensure PDCCH transmissions across serving cells are aligned with the DRX on duration by considering the slot offset when scheduling data on each SCell. In this way, the UE is able to detect all PDCCH transmissions during the DRX on duration configured in DRX-Config.
2. The network can configure a longer DRX on duration such that PDCCH transmissions of serving cells fit into the DRX on duration, even without considering the frame boundary slot offset when scheduling PDCCH. How much the on duration needs to be increased will depend on amount of offset between serving cells in number of slots. Current drx-onDurationTimer values range from 1/32ms to 1600ms, with 1/32ms granularity for sub ms durations, see below. This is considered sufficient to cover also configurations with unaligned frame boundaries.
    drx-onDurationTimer                 CHOICE {
                                            subMilliSeconds INTEGER (1..31),
                                            milliSeconds    ENUMERATED {
                                                ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60,
                                                ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,
                                                ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 }
                                            },

Either way, the DRX handling with unaligned frame boundaries among serving cells can be handled by the network, and there is no update of the specifications.
[bookmark: _Toc24060683]No DRX specification impact expected from unaligned frame boundaries within a cell group.
2.2.3 HARQ
HARQ feedback in NR is more flexible than in LTE. The timing is given on slot level and is not dependent on frame timing alignment across serving cells. Thus slot boundary alignment between the serving cells with the cell group is sufficient, and there is no impact from the relaxed frame timing on HARQ operation.
[bookmark: _Toc24060684][bookmark: _GoBack]No HARQ specification impact expected from unaligned frame boundaries within a cell group.
[bookmark: _Ref189046994]3	Conclusion
[bookmark: _Hlk9954139]In the previous sections we made the following observations: 
Observation 1	RAN1 agreed to introduce RRC signalling of slot offset to the UE in unaligned frame boundary with slot alignment and partial SFN alignment inter-band CA.
Observation 2	Unaligned frame boundaries within a cell group introduces no ambiguity with regards to FR1 gap pattern calculation.
Observation 3	Unaligned frame boundaries within a cell group introduces ambiguity with regards to FR2 gap pattern calculation.
Observation 4	Unaligned frame boundaries within a cell group introduces ambiguity for the system information modification period.
Observation 5	Unaligned frame boundaries within a cell group introduces ambiguity for the system information window.
Observation 6	Unaligned frame boundaries within a cell group introduces no ambiguity for the reference signal measurement timing configuration.
Observation 7	No impact expected from unaligned frame boundaries within a cell group on semi-persistent scheduling.
Observation 8	No impact expected from unaligned frame boundaries within a cell group on configured grant.
Observation 9	No DRX specification impact expected from unaligned frame boundaries within a cell group.
Observation 10	No HARQ specification impact expected from unaligned frame boundaries within a cell group.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to await input from RAN1 on the signalling of the frame boundary slot offset.
Proposal 2	RAN2 to await input from RAN1 for UE capability signalling for unaligned frame boundary with slot offset.
Proposal 3	Send LS to RAN4 to ask for the feasibility of using PCell for NR SA as reference for FR2 gap pattern calculation.
Proposal 4	Update the system information modification period calculation to clarify that the SFN used as reference is the SFN of the PCell.
Proposal 5	Update the system information window calculation to clarify that the SFN used as reference is the SFN of the PCell.
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