Page 1


3GPP TSG-RAN WG4 Meeting #110bis	R4-2404343
[bookmark: Title][bookmark: OLE_LINK59][bookmark: OLE_LINK60]Changsha, China, 15th – 19th April, 2024

Title: 	On deriveSSB-IndexFromCell tolerance for ATG UE
Source: 	Apple
Agenda item:	4.2.7.3
[bookmark: DocumentFor]Document for:	Discussion
1. Introduction
This paper will discuss how to maximize the usage of deriveSSB-IndexFromCell for ATG. 

2. Discussion
The IE deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 was introduced for intra-frequency and inter-frequency respectively. if these IE are received, the UE may use the timing of any detected reference cell to derive the SSB index of all neighbour cells on that frequency. If this field is set to true, the UE assumes SFN and frame boundary alignment across cells on the neighbor frequency as specified in 7.7 and 7.9 in TS 38.133.7.7	deriveSSB-IndexFromCell tolerance
7.7.1	Minimum requirements
When deriveSSB-IndexFromCell is enabled, the UE assumes frame boundary alignment (including half frame, subframe and slot boundary alignment) across cells on the same frequency carrier is within a tolerance not worse than 
-	min (2 SSB symbols, 1 PDSCH symbol) for sub-carrier spacings of SSB and PDSCH up-to 240 kHz,


In TN network, usually the cell size is not that large except the deployment in very rural area. The tolerance requirement usually can cover the propagation time difference in majority of the deployment. With this, the 1st scheduling restriction can be applied for many TDD deployments, and this IE effectively alleviated the impact on data scheduling on serving cell.
When the ATG UE with phase array antenna performs intra-frequency neighbouring cell measurements in TDD band, the following restrictions apply due to SS-RSRP or SS-SINR measurement:
-	If deriveSSB-IndexFromCell is enabled, the UE is not expected to receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. If the high layer in TS 38.331 [2] signalling of smtc2 is configured, the SMTC periodicity follows smtc2; Otherwise SMTC periodicity follows smtc1.
-	If deriveSSB-IndexFromCell is not enabled, the UE is not expected to receive PDCCH/PDSCH/TRS/CSI-RS for CQI on all 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.


While in ATG deployment, the tolerance cannot cover the propagation delay difference for ATG since the network deployment will be up to 300km. As analyzed in [x], to enable deriveSSB-IndexFromCell, the restriction condition for ISD will be 21km for 15kHz SCS and 10.5km for 30kHz SCS. This restriction makes deriveSSB-IndexFromCell almost useless for ATG. Hence in majority of the case, the network will not configure this IE and the 2nd scheduling restriction (as cited below) will be applicable for ATG. This will largely impact the scheduling availability on serving cell. 

To maximize the usage of this IE, we propose to change the interpretation of the tolerance to be at network side for ATG UE. E.g. When deriveSSB-IndexFromCell is enabled, the ATG UE assumes frame boundary alignment (including half frame, subframe and slot boundary alignment) across cells on the same frequency carrier is within a tolerance not worse than 3us at BS antenna connectors or radiated interface boundaries, and the SFNs of all cells on the same frequency carrier are the same. Similar consideration applies for deriveSSB-IndexFromCellInter-r17. It can also help to reduce the neighbor cell search time if this IE can be configured in ATG deployment.

Observation: changing the interpretation of deriveSSB-IndexFromCell tolerance and deriveSSB-IndexFromCellInter-r17 tolerance can help to reduce the neighbor cell search time and optimize the network scheduling restrictions.

Proposal 1: it is proposed to change the reference point of the tolerance for deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17.
· When deriveSSB-IndexFromCell is enabled, the ATG UE assumes frame boundary alignment (including half frame, subframe and slot boundary alignment) across cells on the same frequency carrier is within a tolerance not worse than 3us at BS antenna connectors or radiated interface boundaries, and the SFNs of all cells on the same frequency carrier are the same.
· When deriveSSB-IndexFromCellInter-r17 is enabled, the ATG UE assumes frame boundary alignment (including half frame, subframe and slot boundary alignment) across cells on the target carrier and reference cell is within a tolerance not worse than 3us at BS antenna connectors or radiated interface boundaries, 1 PDSCH symbol of the reference cell) and the SFNs of all cells on the target carrier and reference cell are the same. The reference cell is the serving cell which is used for SSB indexes derivation as indicated via deriveSSB-IndexFromCellInter-r17.
Since ATG UE is GNSS capable and the BS location can be provided by SIB22, The ATG UE shall be able to estimate the propagation time difference or RTD between target cells on the same frequency carrier and the reference cells and report to the network. Then the 1st scheduling restriction can be applied with some modification for ATG since the UE can derive the position of target cell SSB based on deriveSSB-IndexFromCell and propagation time difference evaluation. 
Proposal 2: it is proposed to introduce propagation delay time difference or RTD reporting for ATG UE to assist network scheduling.
With the reporting in proposal 2 supported, the scheduling restriction window should be offset by the propagation delay difference (X symbols)
If deriveSSB-IndexFromCell is enabled, the UE is not expected to receive PDCCH/PDSCH/TRS/CSI-RS for CQI on symbols with X symbol offset from the SSB symbols to be measured, and on 1 data symbol before and after these consecutive symbols each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. If the high layer in TS 38.331 [2] signalling of smtc2 is configured, the SMTC periodicity follows smtc2; Otherwise SMTC periodicity follows smtc1.

3. Conclusion
In this paper, we provide our view on how to maximize the usage of deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17. The following proposal is concluded.

Observation: changing the interpretation of deriveSSB-IndexFromCell tolerance and deriveSSB-IndexFromCellInter-r17 tolerance can help to reduce the neighbor cell search time and optimize the network scheduling restrictions.

Proposal 1: it is proposed to change the reference point of the tolerance for deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17.
· When deriveSSB-IndexFromCell is enabled, the ATG UE assumes frame boundary alignment (including half frame, subframe and slot boundary alignment) across cells on the same frequency carrier is within a tolerance not worse than 3us at BS antenna connectors or radiated interface boundaries, and the SFNs of all cells on the same frequency carrier are the same.
· When deriveSSB-IndexFromCellInter-r17 is enabled, the ATG UE assumes frame boundary alignment (including half frame, subframe and slot boundary alignment) across cells on the target carrier and reference cell is within a tolerance not worse than 3us at BS antenna connectors or radiated interface boundaries, 1 PDSCH symbol of the reference cell) and the SFNs of all cells on the target carrier and reference cell are the same. The reference cell is the serving cell which is used for SSB indexes derivation as indicated via deriveSSB-IndexFromCellInter-r17.
Proposal 2: it is proposed to introduce propagation delay time difference or RTD reporting for ATG UE to assist network scheduling.
The CR for reporting and modification on scheduling restriction will be provided in the next meeting if proposal 2 is agreeable.
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