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1 Introduction
The RAN#85 meeting discussed relaxation of the frame timing for R16 NR CA and made the following agreements to be added to MR-DC&CA WID:
RAN#85
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

During the discussion some companies concerned that RAN2 impact of introducing this feature is not fully clear. In this contribution we give further analysis of NR CA frame timing relaxation to clarify that it will NOT affect NR UP.
2 Discussion
In [1] and [2] we analysed that for NR CA deployment, it is possible to exist case to aggregate two NR carriers that not frame boundary aligned with each other. And different from LTE, it is not necessary for NR to require frame timing alignment among aggregated carriers. Although agreed to be studied, NR CA frame timing relaxation also raised some concerns on its impact on RAN2, especially on MAC in UP with procedures (e.g. SPS/CG, DRX and HARQ) closely related to SFN.
SPS/CG
For SPS in downlink, MAC will derive the downlink assignment occurring time as follows:
After a downlink assignment is configured for SPS, the MAC entity shall consider sequentially that the Nth downlink assignment occurs in the slot for which:

(numberOfSlotsPerFrame × SFN + slot number in the frame) =
[(numberOfSlotsPerFrame × SFNstart time + slotstart time) + N × periodicity × numberOfSlotsPerFrame / 10] modulo (1024 × numberOfSlotsPerFrame)

where SFNstart time and slotstart time are the SFN and slot, respectively, of the first transmission of PDSCH where the configured downlink assignment was (re-)initialised.

It is obvious that different SFNstart time result in different downlink assignment occurring time. However, since that SPS is configured/activated/deactivated per Serving Cell, different SFNstart time for the PCell and SCell will not affect the derivation on each other, and the UE does not need to know the slot offset. On second thought, NR CA frame timing relaxation is limited to “unaligned frame boundary with slot alignment and partial SFN alignment”, and even if the PCell and the SCell has the same SPS configuration, with signaling support for slot offset the UE can derive the biased downlink assignment occurring time.
For the CG type 2 in uplink, MAC will derive the downlink assignment occurring time as follows:
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider that the uplink grant recurs associated with each symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.

where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.
Similar to the SPS, the CG is configured/activated/deactivated per Serving Cell so that the derivations for the PCell and the SCell are independent.

Observation 1: NR CA frame timing relaxation will NOT affect NR SPS/CG as they are configured per cell.
DRX

The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity. The DRX configuration includes the cycle and the active duration. Since that the DRX configuration is per MAC entity, unaligned frame boundary will make the possible transmission window larger than that with aligned frame boundary. For onDurationTimer configured larger than 76800Ts, the possible transmission window can be 2 × onDurationTimer, otherwise it can be onDurationTimer + 76800Ts. The network side is aware of the slot offset so that it can take it into account in downlink transmission scheduling and/or DRX configuration. 
a) keep the original onDurationTimer configuration without signaling support for slot offset
For downlink, the network schedules transmission on PCell and SCell in the configured duration considering the slot offset, and the UE only wakes up on the configured duration.
For uplink, the UE only wakes up and transmit on the configured duration.
b) keep the original onDurationTimer configuration with signaling support for slot offset
For downlink, the network schedules transmission on PCell in the configured duration and transmission on SCell in the biased duration according to the slot offset, and the UE wakes up on the configured duration for PCell and on the biased duration according to the signalled slot offset for SCell.
For uplink, the UE wake up and transmit on the configured duration for PCell and on the biased duration according to the signalled slot offset for SCell.
bc) extend onDurationTimer configuration considering slot offset

Extend the onDuration to 2 × onDurationTimer (onDurationTimer < 76800Ts) or onDurationTimer + 76800Ts (onDurationTimer >= 76800Ts). The UE wake up and receive/transmit on the extended duration.
Note that Option a) is up to network implementation and does not need signaling support for slot offset. Option b) and c) are only possible options with more complexity if slot offset can be signalled. In a word, NR CA frame timing relaxation will NOT affect DRX.
Observation 2: NR CA frame timing relaxation will NOT affect NR DRX as the network is aware of the slot offset and can configure DRX accordingly.
HARQ
In LTE, the frame timing alignment requirement mainly comes from the HARQ timing. Specifically, the HARQ timing in LTE is determined by the subframe index of scheduling subframe n and the ACK/NACK feedback subframe n+k, where the value of k is explicitly specified by tables in the specification of TS36.213. To determine the feedback subframe, the frame timing of aggregated carriers need to be aligned, so as to allow Pcell and Scell to achieve same understanding on the subframe index for ACK/NACK feedback. 

By contrast, the HARQ feedback timing of NR is designed in a quite flexible way without restriction of exact frame boundary alignment. Specifically, for the PDSCH scheduled on slot n, the ACK/NACK feedback is on slot n+k, where the value k is in general be indicated by DCI. So for NR CA, it only requires slot boundary to be aligned (under case of same numerology), which is fulfilled in NR CA frame timing relaxation. Therefore the Pcell and the Scell can achieve same understanding on the ACK/NACK feedback slot.
Observation 3: NR CA frame timing relaxation will NOT affect NR HARQ as it only requires alignment of slot boundary.
Based on the above analysis we would like to propose:
Proposal 1: RAN2 to confirm that NR CA frame timing relaxation has no impact on NR UP.
3 Conclusions
In this contribution we analysis impact of NR CA frame timing relaxation on NR UP. It is observed that:

Observation 1: NR CA frame timing relaxation will NOT affect NR SPS/CG as they are configured per cell.
Observation 2: NR CA frame timing relaxation will NOT affect NR DRX as the network is aware of the slot offset and can configure DRX accordingly.
Observation 3: NR CA frame timing relaxation will NOT affect NR HARQ as it only requires alignment of slot boundary.
We would like to propose:
Proposal 1: RAN2 to confirm that NR CA frame timing relaxation has no impact on NR UP.
