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Few open issues related to the UE measurement accuracy requirements were identified [1] in RAN4#101-e. In this contribution, we further discuss and analyze those open issues related to PRS-RSRP and UE Rx-Tx measurement requirements.
PRS-RSRP accuracy under extreme condition
The following was agreed regarding the PRS-RSRP accuracy requirements in the extreme conditions [1]:
· FFS on the PRS RSRP measurement requirements in extreme condition are X dB larger than that in normal condition, and X is: 
· 3dB for absolute accuracy for FR1. 
· 3dB for absolute accuracy for FR2. 
· [1.5]dB for relative accuracy for FR1. 
· 3dB for relative accuracy for FR2
The extreme conditions are defined in TS 38.101-1 and TS 38.101-2 for FR1 and FR2 respectively. For example, as shown below, the extreme temperature conditions are reproduced below from TS 38.101-1 and TS 38.101-2 for FR1 and FR2 respectively. Given these extreme temperature ranges, it may not be uncommon that the UE operates in extreme conditions e.g. at 14C or 36C. 
Table E.2.1-1: Temperature conditions (TS 38.101-1)
	+15C to +35C
	For normal conditions (with relative humidity of 25 % to 75 %)

	-10C to +55C
	For extreme conditions (see IEC publications 68‑2‑1 and 68‑2‑2)


Table E.2.1-1: Temperature conditions (TS 38.101-2)
	+ 25 ⁰C ± 10 ⁰C 
	For normal (room temperature) conditions with relative humidity of 25 % to 75 %

	-10C to +55C
	For extreme conditions



The PRS-RSRP may significantly drift or vary in the extreme conditions. Therefore, lack of the PRS-RSRP accuracy in extreme condition will be significant limitation since the PRS-RSRP performance cannot be guaranteed. We therefore continue supporting specification of the PRS-RSRP accuracies in extreme condition. 
· Observation 1: It may not be uncommon that the UE operates in extreme conditions e.g. at 14C or 36C.
· Observation 2: PRS-RSRP may significantly drift or vary in the extreme conditions.
· Proposal 1: Specify PRS-RSRP accuracies in extreme conditions.
· Proposal 2: Support PRS-RSRP accuracies in extreme conditions as in the WF i.e.
· PRS RSRP measurement requirements in extreme condition are X dB larger than that in normal condition, and X is: 
· 3dB for absolute accuracy for FR1. 
· 3dB for absolute accuracy for FR2. 
· 1.5 dB for relative accuracy for FR1. 
· 3dB for relative accuracy for FR2.
[bookmark: _Hlk79149979]UE Rx-Tx accuracy under autonomous timing adjustment
The following two options were agreed regarding the applicability of accuracy requirements under TA adjustment if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment [1]:
· Option 1. 
· UE Rx-Tx measurement accuracy requirements shall apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment
· Option 2. 
· UE Rx-Tx measurement accuracy requirements shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1) for SRS transmission even if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
· the UE Rx-Tx measurement accuracy requirements shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1.1) for SRS transmission, if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
The UL autonomous timing adjustment, which is based on the DL timing, follows the DL timing change. This means the UE transmit timing changes in the same direction in which the DL timing changes in the DL reference cell, which is a serving cell e.g. typically sPCell (PCell or PSCell). This is the main difference compared to the UE timing changes due to the network controlled TA i.e. changes can be in any direction and not linked to the DL timing. 
However, the UE Rx-Tx time difference measurement can be measured also in a non-serving cell. Furthermore, the UE Rx-Tx time difference measurement can be measured in a serving cell which is different than the DL reference cell used for the UE autonomous timing adjustment. Also, the UE Rx-Tx time difference measurement can be measured in a neighbor cell which is different than the DL reference cell used for the UE autonomous timing adjustment. Three examples of UE Rx-Tx time difference measurement scenarios are shown in figure 1:
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Figure 1: Examples of UE Rx-Tx measurement scenarios: A) single cell UE Rx-Tx measurement with SRS and PRS in the same serving cell which is also reference cell; B) Multi-cell UE Rx-Tx measurements: UE RTT1 on SRS and PRS (PRS1) in the reference cell, and UE RTT2 on SRS in reference cell and PRS (PRS2) in SCell (another serving cell); C) Multi-cell UE Rx-Tx measurements: UE RTT1 on SRS and PRS (PRS1) in the reference cell, and UE RTT2 on SRS in reference cell and PRS (PRS2) in neighbor cell (non-serving cell).
· Figure 1 (A) shows a single cell UE Rx-Tx measurement scenario. In this case assume the UE is configured to perform the UE Rx-Tx measurement in the serving cell which is also the DL reference cell (PCell) for UL autonomous timing adjustment. In this case:
· SRS and PRS are measured in the same serving cell (PCell) which is also reference cell. 
· Figure 1 (B) shows a multi-cell UE Rx-Tx measurement scenario (i.e. multi-RTT). In this case assume UE is configured to perform one UE Rx-Tx measurement (UE RTT1) in the serving cell (PCell) which is also the DL reference cell for UL autonomous timing adjustment, and another UE Rx-Tx measurement (UE RTT2) in another serving cell (e.g. SCell) which is different than the DL reference cell used for UL autonomous timing adjustment. In this case:
· for UE RTT1, SRS and PRS (PRS1) are both measured in the PCell. 
· for UE RTT2, SRS and PRS (PRS2) are measured in the PCell and in the SCell respectively. 
· Figure 1 (C) shows also multi-cell UE Rx-Tx measurement scenario (i.e. multi-RTT). In this case assume UE is configured to perform one UE Rx-Tx measurement (UE RTT1) in the serving cell (PCell) which is also the DL reference cell for UL autonomous timing adjustment, and another UE Rx-Tx measurement (UE RTT2) in a neighbor cell (e.g. non-serving cell), which obviously cannot be DL reference cell used for UL autonomous timing adjustment. In this case:
· for UE RTT1, SRS and PRS (PRS1) are both measured in the PCell. 
· for UE RTT2, SRS and PRS (PRS2) are measured in the PCell and in the neighbor cell respectively. 
The applicable accuracy requirements if the uplink transmission timing changes due to autonomous adjustment during the UE Rx-Tx measurement period should be as follows:
· In scenario in figure 1 (A):
· UE Rx-Tx measurement accuracy for UE Rx-Tx measurement on PCell shall apply because the UL timing and DL timings in the PCell change in the same direction. 
· In scenario in figure 1 (B):
· UE Rx-Tx measurement accuracy for UE Rx-Tx measurement (UE RTT1) on PCell shall apply because the UL timing and DL timings in the PCell change in the same direction. 
· UE Rx-Tx measurement accuracy for UE Rx-Tx measurement (UE RTT2) on SCell shall NOT apply because the UL timing change is NOT related to the DL timing in the SCell. 
· In scenario in figure 1 (C):
· UE Rx-Tx measurement accuracy for UE Rx-Tx measurement (UE RTT1) on PCell shall apply because the UL timing and DL timings in the PCell change in the same direction. 
· UE Rx-Tx measurement accuracy for UE Rx-Tx measurement on non-serving cell (UE RTT2) shall NOT apply because the UL timing change is NOT related to the DL timing in the non-serving cell. 
Based on the above analysis our conclusion is that the UE applicability of UE Rx-Tx measurement accuracy is linked to whether the PRS is measured on the same cell as a reference cell or not, and the cell on which the UE Rx-Tx measurement is performed can be a serving or non-serving cell. In general the applicability rule to cover different measurement scenarios should according to option 2. We therefore continue supporting option 2. 
The main observations and proposals are:
· Observation 3: The UL autonomous timing adjustment, which is based on the DL timing, follows the DL timing change in the reference cell, resulting in the UE transmit timing changes in the same direction in which the DL timing changes in the reference cell.
· Observation 4: The UE can be configured to perform UE Rx-Tx measurements on multiple cells (multi-RTT).
· Observation 5: In one multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS also on the reference cell (e.g. PCell). In this case the changes in SRS timing due to autonomous timing adjustment follows the PRS timing change in the reference cell.
· Observation 6: In another multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS on another serving cell (e.g. SCell). In this case the changes in SRS timing due to autonomous timing adjustment is not related to PRS timing in the SCell.
· Observation 7: In another multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS on a neighbor cell (non-serving cell). In this case as well the changes in SRS timing due to autonomous timing adjustment is not related to PRS timing in the neighbor cell.
· Proposal 3: Applicability of accuracy requirements under TA adjustment if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment is specified to cover all supported single RTT and multi-RTT measurement scenarios.
· Proposal 4: Applicability of accuracy requirements under TA adjustment if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment is specified based on Option 2 in the WF [1] i.e.
· UE Rx-Tx measurement accuracy requirements shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1) for SRS transmission even if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
· the UE Rx-Tx measurement accuracy requirements shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1.1) for SRS transmission, if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
Summary
The following have been observed and proposed in this contribution:
PRS-RSRP accuracy requirements:
· Observation 1: It may not be uncommon that the UE operates in extreme conditions e.g. at 14C or 36C.
· Observation 2: PRS-RSRP may significantly drift or vary in the extreme conditions.
· Proposal 1: Specify PRS-RSRP accuracies in extreme conditions.
· Proposal 2: Support PRS-RSRP accuracies in extreme conditions as in the WF i.e.
· PRS RSRP measurement requirements in extreme condition are X dB larger than that in normal condition, and X is: 
· 3dB for absolute accuracy for FR1. 
· 3dB for absolute accuracy for FR2. 
· 1.5 dB for relative accuracy for FR1. 
· 3dB for relative accuracy for FR2.
UE Rx-Tx accuracy under autonomous timing adjustment:
· Observation 3: The UL autonomous timing adjustment, which is based on the DL timing, follows the DL timing change in the reference cell, resulting in the UE transmit timing changes in the same direction in which the DL timing changes in the reference cell.
· Observation 4: The UE can be configured to perform UE Rx-Tx measurements on multiple cells (multi-RTT).
· Observation 5: In one multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS also on the reference cell (e.g. PCell). In this case the changes in SRS timing due to autonomous timing adjustment follows the PRS timing change in the reference cell.
· Observation 6: In another multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS on another serving cell (e.g. SCell). In this case the changes in SRS timing due to autonomous timing adjustment is not related to PRS timing in the SCell.
· Observation 7: In another multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS on a neighbor cell (non-serving cell). In this case as well the changes in SRS timing due to autonomous timing adjustment is not related to PRS timing in the neighbor cell.
· Proposal 3: Applicability of accuracy requirements under TA adjustment if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment is specified to cover all supported single RTT and multi-RTT measurement scenarios.
· Proposal 4: Applicability of accuracy requirements under TA adjustment if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment is specified based on Option 2 in the WF [1] i.e.
· UE Rx-Tx measurement accuracy requirements shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1) for SRS transmission even if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
· the UE Rx-Tx measurement accuracy requirements shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1.1) for SRS transmission, if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
A draft CR capturing the above proposal is provided in [2].
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