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Introduction
[bookmark: _GoBack]In this contribution, we discuss the remaining issues on Expanded and Improved NR Positioning.
Discussion 
Sidelink Positioning
	Agreement
In Scheme 2, 
· For a dedicated resource pool for positioning, 
· congestion control can restrict at least the following range of parameters for SL PRS configuration per resource pool by CBR and priority:
· Maximum SL PRS transmission power
· Maximum Number of SL PRS (re-)transmissions
· Discuss further the following four SL PRS transmission parameters: 
· Minimum Periodicity of SL PRS
· Maximum Number of SL PRS resources in a slot
· Maximum comb-size of a SL PRS resource in a slot
· Maximum Number of OFDM symbols of a SL PRS resource in a slot
· For congestion control similar to legacy, the CR limits are (pre)-configured per priority in a resource pool
· Note: Similar to SL communication how to achieve the CR limit is left to UE implementation. 
· For a shared resource pool for positioning, the SL PRS can share the same restriction of PSSCH without specific enhancement in addition to what is already specified.

Conclusion
For a dedicated resource pool, no more discussion on potential restriction by SL PRS-CBR and priority for the following SL PRS transmission parameters:
· Maximum Number of SL PRS resources in a slot
· Maximum comb-size of a SL PRS resource in a slot
· Maximum Number of OFDM symbols of a SL PRS resource in a slot


There were agreement and conclusion on congestion control and SL PRS configuration as above. Among FFS points on TX parameters that can be restricted based on CBR and priority, the maximum number of SL PRS resources, comb size and the number of symbols were resolved in RAN1#114-bis meeting. One remaining issue is whether or not to restrict the minimum periodicity of SL PRS based on CBR and priority.
We think the SL PRS periodicity shall be determined solely based on QoS requirement of the associated SL positioning. There were discussions that adjusting SL PRS periodicity based on CBR level will help to lower CBR level in case of high congestion status. However, if less transmission of SL PRSs due to high CBR level is needed, UE can just drop a part of the periodical SL PRS transmission by UE implementation, rather than adjusting SL PRS periodicity itself. This was at least the concept and conclusion of UE operation in the legacy SL communication. We don’t see further optimization on this aspect, and suggest to follow the legacy operation.

Proposal 1: No additional parameters are defined to be restricted based on CBR and priority.

Positioning for RedCap UEs
One major issue left unresolved of positioning for RedCap UEs is transmission timing adjustment. The related specification in TS 38.213 [1] is following:
	4.2	Transmission timing adjustments
< Irrelevant parts omitted >
A timing advance command [11, TS 38.321] in case of random access response or in an absolute timing advance command MAC CE, , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of  kHz is .  is defined in [4, TS 38.211] and is relative to the SCS of the first uplink transmission from the UE after the reception of the random access response or absolute timing advance command MAC CE.
In other cases, a timing advance command [11, TS 38.321], , for a TAG indicates adjustment of a current  value, , to the new  value, , by index values of  = 0, 1, 2,..., 63, where for a SCS of  kHz, . 
< Irrelevant parts omitted >
For a timing advance command received on uplink slot  and for a transmission other than a PUSCH scheduled by a RAR UL grant or a fallbackRAR UL grant as described in clause 8.2A or 8.3, or a PUCCH with HARQ-ACK information in response to a successRAR as described in clause 8.2A, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot  where ,  is a time duration in msec of  symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured,  is a time duration in msec of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214],  is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits,  is the number of slots per subframe,  is the subframe duration of 1 msec, and , where  is provided by CellSpecific_Koffset and  is provided by a Differential Koffset MAC CE command [11, TS 38.321]; otherwise, if not respectively provided,  or .  and  are determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and of all configured DL BWPs for the corresponding downlink carriers. For , the UE assumes  [6, TS 38.214]. Slot  and  are determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG.  is determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and for all configured initial UL BWPs provided by initialUplinkBWP. The uplink slot  is the last slot among uplink slot(s) overlapping with the slot(s) of PDSCH reception assuming , where the PDSCH provides the timing advance command and  is defined in [4, TS 38.211].

	If a UE changes an active UL BWP between a time of a timing advance command reception and a time of applying a corresponding adjustment for the uplink transmission timing, the UE determines the timing advance command value based on the SCS of the new active UL BWP. If the UE changes an active UL BWP after applying an adjustment for the uplink transmission timing, the UE assumes a same absolute timing advance command value before and after the active UL BWP change.
< Irrelevant parts omitted >



As can be seen from the spec above, the adjustment value   indicated by the timing advance command is related to the SCS which is determined by the first uplink transmission from the UE after the reception of the random access response or absolute timing advance command MAC CE. If the active UL BWP changes before applying a corresponding adjustment, it is determined by the SCS of the new active UL BWP.
Moreover, the SCS for counting a slot, where UE shall apply the timing adjustment  , is determined by the minimum SCS of among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and/or the SCSs of all configured DL BWPs for the corresponding downlink carriers. This mechanism helps to ensure that a situation of the TA adjustment indicated to be applied in the middle of a slot does not occur according to the longest slot length among the configured SCSs when counting the slot applied adjustment.
The point to note here is that, according to the current spec, if the reduced capability UE is configured with SRS for positioning Tx hopping, we could find the ambiguities of the UE's TA adjustment operation. 

	< Irrelevant parts omitted >
6.2.1.4.1	SRS frequency hopping for positioning
The reduced capability UE may be configured via [higher layer parameter], subject to UE capability, to perform transmit frequency hopping separate from the UL BWP configuration and outside of the UL BWP, where the UE may be configured with subcarrier spacing, CP and bandwidth that are different from the UL active BWP.
< Irrelevant parts omitted >



As above TS 38.211 CR [2], the configuration of SRS for positioning with frequency hopping transmission has a separate SCS from any data BWP configuration. If SRS for positioning with frequency hopping is configured, and the SCS for the  value is determined as written in the current spec, it is determined independently from the numerology of SRS for positioning frequency hopping transmission. That is, TA value may be applied not following the numerology being currently transmitted, unlike the legacy intention.
In addition, a more critical issue occurs when counting slots for adjusting TA. When a Redcap UE configured with SRS for positioning Tx hopping determines the SCS for counting which slot TA adjustment should be applied to based on the current specification, the corresponding TA adjustment may be indicated to be applied in the middle of a slot because of the difference between SCS configured for positioning SRS with frequency hopping and that of active UL BWP. In this situation, critical ambiguity of UE’s operation may occur. For example, receiving a TA command from uplink slot (yellow block in Figure 1)   and counting the slot  to determine the slot to apply TA adjustment with related to the SCS of the active UL BWP. Imagine, as drawn in Figure 1. However, if SRS for positioning Tx hopping is configured for the UE, the numerology transmitted by the UE can be different from that of the active UL BWP, which means that the slot length also can be changed. As shown in the example in the figure, if the SCS get smaller TA may be applied in the middle of a slot (green block in Figure 1) with slot length for SRS for positioning. In this case, the UE experiences serious ambiguity in the TA application. 
[image: ]
Figure 1. Example of ambiguous situation for TA adjustment when SRS for positioning with frequency hopping is configured.

Observation 1: If a numerology of SRS for positioning with frequency hopping is configured different from the active UL BWP, the UE operation related to TA adjustment is ambiguous.

To solve these ambiguity issues two candidate solutions can be considered discussed in the following sub-sections.	

Determining the SCS for applying an adjustment of uplink transmission timing
When UE determines the timing advance command value and counts the slot to which TA adjustment is applied, the SCS configured for positioning SRS with the frequency hopping can be additionally considered to prevent the above ambiguity problems. 
As a simple way that aligns with the intention of the legacy spec, including SCS configured for positioning SRS with the frequency hopping may be considered in determining the minimum SCS among all configured UL/DL BWPs to count the adjustment slot. Likewise, for the timing advance command value, UE may determines with respect to larger SCS between the SCS for SRS Tx hopping and the active UL BWP.

Postponing of timing adjustment for uplink transmission
If the point at which transmission timing should be applied by the above TA command is within the SRS-pos-FH hopping cycle, that is, if applying timing adjustment is within SRS-pos-FH cycle based on the current spec [1], the UE shall transmit some hops of SRS-pos-FH with the changed transmission timing after applying timing adjustment.
The SRS-pos-FH resource is received and measured not only by the gNB of the serving cell, but also by the gNB of the neighbouring cell, which is not provided with information related to timing advance of the UE. Since the neighbouring gNB/LMF cannot know the advanced/delayed transmission timing some hops of SRS-pos-FH, measurement accuracy from the combined SRS may not be guaranteed. In other words, it would be better not to change TA value during the SRS-pos-FH transmission within a cycle to provide reliable measurement performance in neighbour cell. 
 
Observation 2: Applying the adjustment for uplink transmission timing during SRS for positioning with frequency hopping cycle can affect positioning accuracy performance.

Based on the considerations in observation 1 and 2, it is worth considering a neat solution that can accommodate not only for non-ambiguous TA timing/value determination but also for reliable measurement accuracy of the neighbour cells. The simple way is to postpone the corresponding adjustment. To be specific, if a UE starts SRS-pos-FH transmission between a time of TA command reception and an indicated time of apply a corresponding adjustment, UE can postpone TA adjustment to the slot after the last slot where the SRS-pos-FH resource is configured to be transmitted. Note that similar method is already supported in the current standard for DM-RS bundling for coverage enhancement; the UE does not change NTA during an actual transmission time window for a PUSCH or a PUCCH transmission.
With a simple method of postponing the TA adjustment as above the possibility of positioning accuracy degradation can be excluded, and at the same time, the ambiguity of slot counting for the TA adjustment can be removed as shown in the figure below, so the spec change for determination of SCS proposed previously is not required.
[image: ]
Figure 2. Example of postponing the TA adjustment.

Proposal 2: For TA adjustment operation of UE configured with SRS for positioning frequency hopping, RAN1 supports:
· Alt 1:  The UE configured with SRS for positioning with frequency hopping is expected to determine the SCS for TA adjustment with including the SCS of SRS for positioning with frequency hopping. 
· Alt 2: If UE is indicated to apply an adjustment for the uplink transmission timing at a slot where SRS for positioning with frequency hopping is configured/indicated, the UE is expected to apply a corresponding adjustment for the uplink transmission timing at the slot after the slot in which last hop is configured.

Proposal 3: Support either Alt 1 or Alt 2 to resolve the ambiguity of the UE indicated TA adjustment when SRS for positioning with frequency hopping is configured: 
· Alt 1:  Endorse the following TP to clause 4.2 of TS 38.213.
	---------------------------- Start of Text Proposal for TS 38.213 -----------------------------
< Unchanged parts are omitted >
4.2	Transmission timing adjustments
< Unchanged parts are omitted >
For a timing advance command received on uplink slot  and for a transmission other than a PUSCH scheduled by a RAR UL grant or a fallbackRAR UL grant as described in clause 8.2A or 8.3, or a PUCCH with HARQ-ACK information in response to a successRAR as described in clause 8.2A, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot  where ,  is a time duration in msec of  symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured,  is a time duration in msec of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214],  is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits,  is the number of slots per subframe,  is the subframe duration of 1 msec, and , where  is provided by CellSpecific_Koffset and  is provided by a Differential Koffset MAC CE command [11, TS 38.321]; otherwise, if not respectively provided,  or .  and  are determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and of all configured DL BWPs for the corresponding downlink carriers and the SCS configured for SRS for positioning with frequency hopping if it is configured for reduced capability UE. For , the UE assumes  [6, TS 38.214]. Slot  and  are determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and the SCS configured for SRS for positioning with frequency hopping if it is configured for reduced capability UE.  is determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and for all configured initial UL BWPs provided by initialUplinkBWP and the SCS configured for SRS for positioning with frequency hopping if it is configured for reduced capability UE. The uplink slot  is the last slot among uplink slot(s) overlapping with the slot(s) of PDSCH reception assuming , where the PDSCH provides the timing advance command and  is defined in [4, TS 38.211].
If a RedCap UE receives a timing advance command and a time of applying a corresponding adjustment for uplink transmission timing is within a SRS for positioning with frequency hopping cycle, the UE determines the timing advance command value based on the SCS of the SRS for positioning with frequency hopping. Otherwise, ifIf a UE changes an active UL BWP between a time of a timing advance command reception and a time of applying a corresponding adjustment for the uplink transmission timing, the UE determines the timing advance command value based on the SCS of the new active UL BWP. If the UE changes an active UL BWP after applying an adjustment for the uplink transmission timing, the UE assumes a same absolute timing advance command value before and after the active UL BWP change.
---------------------------- End of Text Proposal for TS 38.213 -----------------------------



· Alt 2:  Endorse the following TP to clause 4.2 of TS 38.213:
	---------------------------- Start of Text Proposal for TS 38.213 -----------------------------
< Unchanged parts are omitted >
4.2	Transmission timing adjustments
< Unchanged parts are omitted >
If a RedCap UE received a timing advance command on uplink slot n and is expected to adjust uplink transmission timing from uplink slot , where the UE is expected to transmit the SRS for positioning with frequency hopping [6, TS 38.214], the RedCap UE shall apply the the corresponding adjustment of the uplink transmission timing from one after the slot where the UE is expected to transmit last hop for SRS for positioning with frequency hopping [6, TS 38.211].
< Unchanged parts are omitted >
---------------------------- End of Text Proposal for TS 38.213 -----------------------------



Conclusion
Based on the above discussion, the following proposals and observations are provided.

Observation 1: If a numerology of SRS for positioning with frequency hopping is configured different from the active UL BWP, the UE operation related to TA adjustment is ambiguous.

Observation 2: Applying the adjustment for uplink transmission timing during SRS for positioning with frequency hopping cycle can affect positioning accuracy performance.

Proposal 1: No additional parameters are defined to be restricted based on CBR and priority.

Proposal 2: For TA adjustment operation of UE configured with SRS for positioning with frequency hopping, RAN1 supports:
· Alt 1:  The UE configured with SRS for positioning with frequency hopping is expected to determine the SCS for TA adjustment with including the SCS of SRS for positioning with frequency hopping. 
· Alt 2: If UE is indicated to apply an adjustment for the uplink transmission timing at a slot where SRS for positioning with frequency hopping is configured/indicated, the UE is expected to apply a corresponding adjustment for the uplink transmission timing at the slot after the slot in which last hop is configured.

Proposal 3: Support either Alt 1 or Alt 2 to resolve the ambiguity of the UE indicated TA adjustment when SRS for positioning with frequency hopping is configured: 
· Alt 1:  Endorse the following TP to clause 4.2 of TS 38.213.
	---------------------------- Start of Text Proposal for TS 38.213 -----------------------------
< Unchanged parts are omitted >
4.2	Transmission timing adjustments
< Unchanged parts are omitted >
For a timing advance command received on uplink slot  and for a transmission other than a PUSCH scheduled by a RAR UL grant or a fallbackRAR UL grant as described in clause 8.2A or 8.3, or a PUCCH with HARQ-ACK information in response to a successRAR as described in clause 8.2A, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot  where ,  is a time duration in msec of  symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured,  is a time duration in msec of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214],  is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits,  is the number of slots per subframe,  is the subframe duration of 1 msec, and , where  is provided by CellSpecific_Koffset and  is provided by a Differential Koffset MAC CE command [11, TS 38.321]; otherwise, if not respectively provided,  or .  and  are determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and of all configured DL BWPs for the corresponding downlink carriers and the SCS configured for SRS for positioning with frequency hopping if it is configured for reduced capability UE. For , the UE assumes  [6, TS 38.214]. Slot  and  are determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and the SCS configured for SRS for positioning with frequency hopping if it is configured for reduced capability UE.  is determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and for all configured initial UL BWPs provided by initialUplinkBWP and the SCS configured for SRS for positioning with frequency hopping if it is configured for reduced capability UE. The uplink slot  is the last slot among uplink slot(s) overlapping with the slot(s) of PDSCH reception assuming , where the PDSCH provides the timing advance command and  is defined in [4, TS 38.211].
If a RedCap UE receives a timing advance command and a time of applying a corresponding adjustment for uplink transmission timing is within a SRS for positioning with frequency hopping cycle, the UE determines the timing advance command value based on the SCS of the SRS for positioning with frequency hopping. Otherwise, ifIf a UE changes an active UL BWP between a time of a timing advance command reception and a time of applying a corresponding adjustment for the uplink transmission timing, the UE determines the timing advance command value based on the SCS of the new active UL BWP. If the UE changes an active UL BWP after applying an adjustment for the uplink transmission timing, the UE assumes a same absolute timing advance command value before and after the active UL BWP change.
---------------------------- End of Text Proposal for TS 38.213 -----------------------------



· Alt 2:  Endorse the following TP to clause 4.2 of TS 38.213:
	---------------------------- Start of Text Proposal for TS 38.213 -----------------------------
< Unchanged parts are omitted >
4.2	Transmission timing adjustments
< Unchanged parts are omitted >
If a RedCap UE received a timing advance command on uplink slot n and is expected to adjust uplink transmission timing from uplink slot , where the UE is expected to transmit the SRS for positioning with frequency hopping [6, TS 38.214], the RedCap UE shall apply the the corresponding adjustment of the uplink transmission timing from one after the slot where the UE is expected to transmit last hop for SRS for positioning with frequency hopping [6, TS 38.211].
< Unchanged parts are omitted >
---------------------------- End of Text Proposal for TS 38.213 -----------------------------
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