
Page 1

3GPP TSG RAN WG1 #108-e							R1-2201653
e-Meeting, February 21th – March 3rd, 2022
	
[bookmark: Source]Agenda item:	8.14.2
Source: 	Qualcomm Incorporated
Title: 	Timing relationship enhancements
[bookmark: DocumentFor]Document for:	Discussion and Decision

1 Background
In RAN1#107-e, the following agreements for eMTC/NB-IoT over NTN were made with regards to this agenda item:
Agreement
For IoT NTN, signalling one value for cell-specific K_offset in system information is supported.

Agreement
For IoT NTN, the unit of K_offset is subframe based on a 15kHz subcarrier spacing (i.e. 1 ms).
· Further discuss the case where UL is using 3.75 kHz SCS

Agreement
For IoT NTN, the UE specific K_offset is provided and updated by the network using MAC CE.

Agreement
For IoT NTN, the information of K_mac is carried in system information.

Agreement
For IoT NTN, the unit of K_mac is subframe based on a 15kHz subcarrier spacing (i.e. 1 ms).
· Further discuss the case where UL is using 3.75 kHz SCS

Agreement
Modification of the designation of subframes with NPDCCH monitoring restrictions is needed for at least Cases 1 to 6.

[bookmark: _Hlk87952794]Agreement
Whether/how the “indicated value” of K_offset is translated into number of slots for different numerologies (i.e., 15 kHz and 3.75 kHz) is left to the spec-editor.
· This resolves the bullet from previous agreement: Further discuss the case where UL is using 3.75 kHz SCS

Agreement
For IoT NTN, adopt the NR NTN agreement without modification for FR1: (a) the value range (i.e. 1 ms), (b) the quantity signalled (e.g. a differential UE specific K_offset) for the UE specific K_offset.

Agreement
For IoT NTN, adopt the NR NTN agreement without modification for FR1 for the value range of Kmac.

[bookmark: _Hlk88128707]Leave it to spec editor to formulate in the specs the NPDCCH monitoring restrictions for Cases 1 to 6. 

Explanatory Note for editor
When the UE changes from receiving on the DL to transmitting on the UL (or vice versa), immediately before/after the DL/UL switch the UE is not required to monitor an NPDCCH candidate in some DL subframes. The designation of these subframes in the spec needs to take the “effect” of the TA into consideration. There may be multiple ways to capture this in the specifications for (at least) Cases 1 to 6. Two options (in principle) are described below, to guide the spec editor to capture this as best he/she sees it. Examples of where the changes may apply for cases 1 to 6 can be found as examples in appendix A in R1-2112554.

Option 1: The DL subframes during which the UE is not required to monitor an NPDCCH candidate are described in terms of downlink subframe timing. This would typically involve inserting a “-TA” term in their indexing.
 
Option 2: The DL subframes during which the UE is not required to monitor an NPDCCH candidate are described in terms of uplink subframe timing using the indexing of the UL subframes that coincide in time with the DL subframes in question.

Agreement
Network can configure UE-specific TA reporting either a TA or UE location for connected mode UE
· In case a TA is configured, NR NTN solutions are a baseline for the following UE-specific TA handling issues,  
· Signaling – quantity (full or delta), range, number of bits  
· Granularity of report
· Frequency of reporting
· Means of reporting
· NOTE: Any changes needed for IoT NTN can be made.
· In case the UE location is configured, RAN2 will design solutions for the UE location information, and it is left to RAN2 to decide whether to support UE location reporting  

In this contribution, we provide our views on remaining aspects related to timing relationship enhancements.
2 Monitoring restrictions due to half-duplex constraint
While the monitoring restrictions in the downlink (corresponding to an uplink transmission) have been captured for several cases in TS 36.213, the following additional case should reflect a similar understanding (potential edit shown in red text below).
Post-NPUSCH
· - … if the NB-IoT UE has a NPUSCH transmission ending in subframe n (accounting for uplink transmission timing), the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3.
Proposal 1: Modify the specification for DL monitoring restrictions after NPUSCH transmission to account for uplink transmission timing.
3 Physical vs logical time
In the current specifications—especially when considering the impact of large TAs in NTNs—there is considerable scope for confusion between when physical time is used, vs when logical time is used. For example, in the monitoring restrictions (described above in Section 2), the uplink transmission time is “physical time”, such that the monitoring restrictions apply in the physical neighbourhood of it. However, in most of the other cases (such as timelines involving  for uplink transmission), the transmission time refers to an “index”, i.e., it is logical time.
Below are two example to highlight the incongruency: both in the context of a “PDCCH order ending in subframe n”.
Example 1.1 (Logical time, referring to an UL index)

[bookmark: _Hlk89044668]“… In case a random access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by higher layers, start transmission of random access preamble at the end of the first subframe , , where a NPRACH resource is available.  …”
Example 1.2 (Physical time, inherently referring to a DL index for an UL transmission) 
“… If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and 
-	for FDD, if the corresponding NPRACH transmission starts from subframe n+k (accounting for uplink transmission timing), the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. …”
To keep everything in logical time (DL reception follows a DL index, while UL transmission follows a UL index, with UL indices shifted back by a TA term), we had originally proposed the half-duplex monitoring restrictions to be written in terms of logical time. However, the latest CRs don’t reflect this.
To this end, we propose to clarify the issue of physical and logical times occurring in different places, either by making things uniform—specifically, by writing the half-duplex monitoring restrictions in logical time—or, by including an explanatory table in the specification to highlight the cases in which physical time is used (current wording for DL monitoring restrictions in half-duplex) and the other cases (such as UL-DL transmission timelines) where logical time is used.  
Proposal 2: Clarify the use of logical/physical time in different places of the specifications.
· Option 1: For half-duplex monitoring restrictions (such as Example 1.2 in this contribution), use logical time to index uplink transmissions with UL indices, DL reception with DL indices, and use a TA term to link the two.
· Option 2: Include a table in the specifications to state which relationships use logical time, and which use physical time.
· Currently, only the half-duplex monitoring restrictions appear to use physical time, while other timing relationships use logical time.
4 Errata on application of TA command
In the latest draft of TS 36.213, Section 16.1.2 on applying the TA command contains the following text (with latest changes tracked):
· [bookmark: _Hlk89044569]“For a timing advance command reception ending in DL subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the first available NB-IoT uplink slot following the end of n+12+ DL subframe and the first available NB-IoT uplink slot is the first slot of a NPUSCH transmission.”
We believe this change should be reverted to the legacy text, before the “” change was made.  is used to maintain causality in timing relationships where a downlink (e.g., a NPDCCH) triggers an uplink (e.g., NPUSCH, HARQ-ACK, PDCCH order, etc.). The purpose of the  in the above setting of the TA command is to give the UE 12 milliseconds of “physical time”. As such, the first available uplink slot after 12 milliseconds have passed, continues to remain the correct interpretation, and is reflected accurately by the legacy text.
Proposal 3: Revert the “” term in paragraph on TA command reception in Section 16.1.2 in TS 36.213. 
5 Conclusion
In this contribution we presented our views on enhancements for NB-IoT/eMTC over NTN as it relates to timing relationship enhancements. We summarize our proposals below.
Proposal 1: Modify the specification for DL monitoring restrictions after NPUSCH transmission to account for uplink transmission timing.
Proposal 2: Clarify the use of logical/physical time in different places of the specifications.
· Option 1: For half-duplex monitoring restrictions (such as Example 1.2 in this contribution), use logical time to index uplink transmissions with UL indices, DL reception with DL indices, and use a TA term to link the two.
· Option 2: Include a table in the specifications to state which relationships use logical time, and which use physical time.
· Currently, only the half-duplex monitoring restrictions appear to use physical time, while other timing relationships use logical time.
Proposal 3: Revert the “” term in paragraph on TA command reception in Section 16.1.2 in TS 36.213. 
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