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1. Introduction
In last August, RAN1 sent a LS to RAN4 for confirmation [1] on collision of RRM measurement resources with uplink transmissions in FR1 TDD, duplicated as below,
	RAN1 has discussed collision of RRM measurement resources for intra-frequency neighbour cell measurements (i.e. SS/PBCH blocks or CSI-RS for mobility) with uplink transmissions in serving cell in FR1 TDD and has agreed the following as working assumption
Working asusmption:

· In frequency range 1 unpaired spectrum, UE is not required to perform intra-frequency neighbour cell RRM measurement over SSB or CSI-RS for mobility when UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 triggering the UE to transmit in UL in at least one of the symbols where the SSB or CSI-RS for RRM measurement on neighbour cell is transmitted.

· Note: this is not intended to have any impact on existing overlapping/overwriting rules related to SFI



And in [2] RAN1 sent another LS to RAN4 on a relevant issue but the scenario is for half duplex CA, duplicated as below,

	RAN1 has discussed RRM measurements in a half-duplex UE operating with carrier aggregation, and reached the proposal tabulated below. RAN1 would respectfully ask RAN4 to review this proposal:
· When the scheduling restrictions due to RRM measurements are applicable, half-duplex CA UE does not transmit in UL in one cell, if the UL transmission would collide with any SSB symbols other than indicated in ssb-PositionsInBurst inside SMTC window of another cell. RRM measurements in SMTC window are always protected.

· When the scheduling restrictions due to RRM measurements are NOT applicable, if the half-duplex CA UE is scheduled by DCI (Dynamic U) to transmit in UL in one cell, and if the UL transmission collides with any SSB symbols other than indicated in ssb-PositionsInBurst inside SMTC window of another cell, UE is not required to perform RRM measurements on the colliding SSB symbols. 

· RRM measurements during the symbols indicated in ssb-PositionInBurst are always protected.

· Note: One cell and another cell are both serving cells for the UE


Since at that moment RAN4 delayed all the new topic discussion to finalize the core requirement, now it is time to treat this LS from this meeting. In this contribution we analyse the case of collision of RRM measurement resources with uplink transmissions in FR1 TDD, and a corresponding reply LS[2] is also given in this meeting
2. Discussion on collision of RRM measurement resources with uplink transmissions in FR1 TDD [1]
In order to analyze the colliding between intra-frequency neighbor cell measurement and UL transmission, we need to list all types of intra-frequency neighbor cell measurement and then we could decide if UL transmission shall be deprioritized or not.
1) SSB based intra-frequency neighbour cell measurements with MG
If the SSB based intra-frequency neighbour cell measurement needs MG, and then it means the target SSB are covered within MG duration. In RAN4 there is very clear definition that,
	During the per-UE measurement gaps the UE:

-
is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN SCell(s) and NR serving cells for NSA except the reception of signals used for RRM measurement

-
is not required to conduct reception/transimssion from/to the corresponding NR serving cells for SA except the reception of signals used for RRM measurement

During the per-FR measurement gaps the UE:

-
is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN SCell(s) and NR serving cells in the corresponding frequency range for NSA except the reception of signals used for RRM measurement
-
is not required to conduct reception/transmission from/to the corresponding NR serving cells in the corresponding frequency range for SA except the reception of signals used for RRM measurement


So if the UL transmission is colliding with the SSB based intra-frequency neighbour cell measurement within MG, this intra-frequency measurement shall be prioritized than UL transmission due to UE behaviour definition during MG.

Proposal 1: to answer RAN1: in frequency range 1 unpaired spectrum, when UL transmission is colliding with the SSB based intra-frequency neighbour cell measurement with MG, UE is not required to perform UL transmission on the symbols within MG duration.
2) SSB based intra-frequency neighbour cell measurements without MG

Regarding the SSB based intra-frequency measurement without MG, RAN4 has defined corresponding scheduling restrictions in TS38.133. Since deriveSSB_IndexFromCell for FR1 TDD is always enabled, only the synchronized case shall be considered.
	9.2.5.3.1
Scheduling availability of UE performing measurements with a same subcarrier spacing as PDSCH/PDCCH on FR1

There are no scheduling restrictions due to measurements performed with a same subcarrier spacing as PDSCH/PDCCH on FR1.

9.2.5.3.2
Scheduling availability of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1
For UE which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to measurements. For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to SS-RSRP/RSRQ/SINR measurement

-
If deriveSSB_IndexFromCell is enabled the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration. If the high layer in TS 38.331 [2] signaling of smtc2 is configured, the SMTC periodicity follows smtc2; Otherwise SMTC periodicity follows smtc1.


In the current scheduling restriction requirement for FR1, the case of mixed numerologies between PDSCH/PDCCH and SSB was considered, and the PDSCH/PDCCH are always deprioritized when colliding with SSB measurement. However, in the description of scheduling restriction RAN4 also include the case of PUCCH/PUSCH/SRS colliding with SSB measurement, i.e., the PUCCH and PUSCH/SRS are not expected on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration (1 extra symbol before and after consecutive SSB symbols is for the cell phase misalignment between neighbor and serving cells), which means the measurement priority is also higher than UL transmission. 
On the other hand, if PDCCH/PDSCH is deprioritized, the corresponding PUSCH and PUCCH also will be influenced, e.g. PUSCH transmission doesn’t help on throughput if DL ACK/NACK for a PUSCH is interrupted. Hence in that sense, the DL transmission and UL transmission shall be treated in a same way, that is, UL transmission shall be also deprioritized if colliding with measurement SSB.
Since SMTC is configured by network for mobility measurement purpose via RRC but DCI based scheduling is much more dynamic than SMTC configuration, we believe network can control its flexible scheduling scheme to avoid colliding with this SMTC period to avoid data loss. 
Proposal 2: to answer RAN1: in frequency range 1 unpaired spectrum, when UL transmission is colliding with the SSB based intra-frequency neighbour cell measurement without MG, UE is not required to perform UL transmission on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration.

In order to make RAN4 spec consistent for all cases, even though there is no mixed numerology issue for PDSCH/PDCCH and SSB, we still propose to apply the scheduling restriction for FR1 TDD that: if the PUCCH/PUSCH/SRS are colliding with SSB symbols to be measured, the UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration.
Proposal 3: to clarify in the RAN4 spec for scheduling restriction: in FR1 TDD, if the PUCCH/PUSCH/SRS are colliding with SSB symbols to be measured, the UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration.

3) CSI-RS based intra-frequency neighbour cell measurements
So far, in Rel-15 RAN4 has not specified any CSI-RS based RRM measurement requirement or scheduling availability requirement for CSI-RS based neighbor cell measurement (L3 mobility measurement). With that, we don’t think we can have any conclusion on CSI-RS based intra-frequency neighbor cell measurement case and the UE behavior is unpredictable in this case.
Proposal 4: to answer RAN1: RAN4 has not specified measurement requirement or scheduling availability requirement for CSI-RS based neighbour cell measurement in Rel-15, hence the UE behaviour is unpredictable from RAN4 perspective if the UL transmission is colliding with neighbour cell CSI-RS symbols to be measured.
3. Discussion on collision of SSB measurement with uplink transmissions in half duplex CA [2]
As discussed in section 2, we think the same principle shall also be applicable to half duplex CA, and therefore we propose to prioritize the SSB measurement over the UL transmission and the corresponding clarification is needed in Ran4 spec. 
Proposal 5: prioritize the intra-frequency SSB measurement within SMTC window over the UL transmission in half duplex CA case.
4. Draft LS to RAN1
As analyzed in section 2, we propose to reply a LS to RAN1 for clarification from RAN4 perspective,

Based on current RAN4 spec and further discussion, the UE behavior definition from RAN4 perspective is summarized as below,

In case of frequency range 1 unpaired spectrum or half duplex CA, 

· when UL transmission is colliding with the SSB based intra-frequency neighbour cell measurement with MG, UE is not required to perform UL transmission on the symbols within MG duration.
· when UL transmission is colliding with the SSB based intra-frequency neighbour cell measurement without MG, UE is not required to perform UL transmission on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration.
In case of frequency range 1 unpaired spectrum,
· RAN4 has not specified measurement requirement or scheduling availability requirement for CSI-RS based neighbor cell measurement in Rel-15, hence the UE behaviour is unpredictable from RAN4 perspective if the UL transmission is colliding with neighbour cell CSI-RS symbols to be measured.
5. Conclusions

In this contribution we analyse the case of collision of RRM measurement resources with uplink transmissions in FR1 TDD, and a corresponding reply LS[3] is also given in this meeting.
Proposal 1: to answer RAN1: in frequency range 1 unpaired spectrum, when UL transmission is colliding with the SSB based intra-frequency neighbour cell measurement with MG, UE is not required to perform UL transmission on the symbols within MG duration.

Proposal 2: to answer RAN1: in frequency range 1 unpaired spectrum, when UL transmission is colliding with the SSB based intra-frequency neighbour cell measurement without MG, UE is not required to perform UL transmission on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration.

Proposal 3: to clarify in the RAN4 spec for scheduling restriction: in FR1 TDD, if the PUCCH/PUSCH/SRS are colliding with SSB symbols to be measured, the UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration.

Proposal 4: to answer RAN1: RAN4 has not specified measurement requirement or scheduling availability requirement for CSI-RS based neighbour cell measurement in Rel-15, hence the UE behaviour is unpredictable from RAN4 perspective if the UL transmission is colliding with neighbour cell CSI-RS symbols to be measured.
Proposal 5: prioritize the intra-frequency SSB measurement within SMTC window over the UL transmission in half duplex CA case.
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