
Page 1

3GPP TSG RAN WG1 #107-e							R1-2111452
e-Meeting, November 11th – November 19th, 2021
	
[bookmark: Source]Agenda item:	8.15.2
Source: 	Qualcomm Incorporated
Title: 	Timing relationship enhancements
[bookmark: DocumentFor]Document for:	Discussion and Decision

1 Background
In RAN1#106-bis-e, the following agreements for eMTC/NB-IoT over NTN were made with regards to this agenda item:
Agreement:
In IoT NTN, for a random access procedure initiated by a N/MPDCCH order, the UE shall delay the transmission of the random access preamble by Koffset as compared to the current specification.
Agreement:
For IoT NTN, with respect to the granularity, configuration, indication and update of K_Offset, the mechanisms concluded in NR-NTN shall be taken as baseline.
Agreement:
For eMTC in IoT NTN, if the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission subframe shall be delayed by Koffset as compared to current specifications.
Agreement:
For NB-IoT, if the UE has initiated an NPUSCH transmission using pre-configured uplink resources ending in subframe n, the UE shall start or restart to monitor the NPDCCH from DL subframe n+4+K_mac (where K_mac is defined as in NR-NTN).
Agreement:
For eMTC, if the UE has initiated an PUSCH transmission using pre-configured uplink resources ending in subframe n, the UE shall start or restart to monitor the MPDCCH from DL subframe n+4+K_mac (where K_mac is defined as in NR-NTN).
Agreement:
Support PUR at least for GEO-based IoT NTN in Rel-17
FFS: for NGSO-based IoT NTN.
Agreement:
NPDCCH monitoring restrictions have been identified for further checking to see if changes for NB-IoT need to be made for the following cases:
· case 1: MTBG NPUSCH
· case 2: 2 NPUSCH HARQ processes scheduled
· case 3: long single NPUSCH when MTBG or 2HARQ configured
· case 4: single NPUSCH scheduled by DCI format N0 or RAR
· case 5: NPUSCH format 2 in response to DCI format N1
· case 6: NPRACH in response to PDCCH order
· case 7: NPUSCH with same HARQ process when 2 HARQ configured
· case 8: subframes after NPUSCH processing
· case 9: subframes after NPUSCH carrying Msg3
· case 10: NPRACH for SR for long NPRACH transmissions
· case 11: NPRACH for SR for short NPRACH transmissions
· FFS: the changes in each case
· FFS: additional cases

In this contribution, we provide our views on remaining aspects related to timing relationship enhancements.
2 Definition of interrupted downlink subframes
Due to large, UE-specific TAs, DL subframes interrupted due to an UL transmission are UE-specific. Current specs assume a small TA (e.g., up to 1 ms), and do not incorporate a “TA term” in defining these subframes. However, as illustrated in Fig. 1, for NTN, the interrupted subframes need to be defined using a term that captures the impact of this very large TA. In the figure, we want X_DL to Y_DL to be the interrupted DL SFs—i.e., the subframes where the UE is not required to monitor another PDCCH, since it must get ready to transmit the PUSCH starting at Y_UL. Without the “-TA” term for Y_DL, the interrupted SFs would be from X_DL +TA to Y_DL +TA, while it would (problematically) be expected to monitor PDCCH from X_DL to Y_DL!
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Figure 1: Definition of DL interrupted subframes in the presence of large NTN-specific TAs.
Examples (for NB-IoT) where this needs to be reflected include DL subframes before and after a NPUSCH or NPRACH transmission, DL subframes corresponding to half-duplex guard periods, etc.
Below, we provide some sample changes (not exhaustive) that are required for the different cases. In the examples below, text with yellow highlights correspond to the relevant portions of the specs, while the text with green highlights include the proposed changes to the specs.
Pre-NPUSCH (Example)
· For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig [or npusch-MultiTB-Config] and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
-if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the number of scheduled TB field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1; 
Post-NPUSCH (Example)
· - … if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3 . 

Half-duplex guard periods:
· [36.213] If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3]for FDD ; and…
· [36.211] For type B half-duplex FDD operation, guard periods, each referred to as a half-duplex guard subframe, are created by the UE by
-	not receiving a downlink subframe preceding an uplink subframe by  subframes from the same UE, and
-		not receiving a downlink subframe following an uplink subframe by  subframes from the same UE.
Below, we write proposals corresponding to the relevant cases in NB-IoT where these changes to the definitions of interrupted subframes are necessary. For eMTC, analogous proposals/TPs may be drafted.
Proposal 1: Before a NPUSCH transmission for the case of two HARQ processes (where the NPDCCH scheduling the NPUSCH ends in subframe  and the NPUSCH starts from )
· For single-TB scheduling, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+k-2 to subframe n+k-1
· For multi-TB scheduling, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1
Proposal 2: Before a NPUSCH transmission for the case of single HARQ process, or before one triggered by a RAR (where the NPDCCH scheduling the NPUSCH or the RAR ends in subframe  and the NPUSCH starts from )
· the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1
Proposal 3: If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
· for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m+ the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1. 
Proposal 4: 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, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. 
Proposal 5: After a NPUSCH transmission, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3 , where the NPUSCH transmission ends in subframe 
Proposal 6: For Type B half-duplex guard periods, a UE is not expected to receive a downlink subframe:
· preceding an uplink subframe by  subframes from the same UE, and
· following an uplink subframe by  subframes from the same UE.
3 Aspects related to the reporting of UE-specific TA
In terms of triggering conditions, a natural option is for the UE to report a new value of UE-specific TA when it determines that the last reported value differs from the current value by a certain threshold. This mechanism ensures that the TA is tracked accurately by the base-station, in an on-demand basis. The network can use this value to update the UE-specific K_offset to maintain causality and avoid collisions in half-duplex scheduling.
Proposal 7: A UE reports the UE-specific TA to the network when the previously reported value differs from a current value by a pre-determined threshold. 
In terms of reporting the TA, a solution that is attractive for NTN (since it avoids round-trip delays in case an uplink resource is to be requested) is to use an uplink semi-persistent scheduling (SPS) message (such as the one specified for NB-IoT to transmit a buffer status report (BSR)) on which the UE can transmit this TA report when required.
Proposal 8: The UE-specific TA is reported in an uplink semi-persistent scheduling (UL-SPS) message, such as the one used for reporting buffer status reports (BSRs) in NB-IoT.
Another aspect related to TA reporting that has been proposed by some companies is the reporting of some form of “differential TA” in the TA report. This isn’t a good idea, since any error in the reception of a prior TA report by the network will result in error propagation with regards to the TA determination at the network side (critical for half-duplex scheduling).
Proposal 9: The UE-specific TA report is self-contained, and not differential w.r.t a previous TA report or value.

4 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: Before a NPUSCH transmission for the case of two HARQ processes (where the NPDCCH scheduling the NPUSCH ends in subframe  and the NPUSCH starts from )
· For single-TB scheduling, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+k-2 to subframe n+k-1
· For multi-TB scheduling, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1
Proposal 2: Before a NPUSCH transmission for the case of single HARQ process, or before one triggered by a RAR (where the NPDCCH scheduling the NPUSCH or the RAR ends in subframe  and the NPUSCH starts from )
· the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1
Proposal 3: If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
· for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m+ the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1. 
Proposal 4: 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, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. 
Proposal 5: After a NPUSCH transmission, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3 , where the NPUSCH transmission ends in subframe 
Proposal 6: For Type B half-duplex guard periods, a UE is not expected to receive a downlink subframe:
· preceding an uplink subframe by  subframes from the same UE, and
· following an uplink subframe by  subframes from the same UE.
Proposal 7: A UE reports the UE-specific TA to the network when the previously reported value differs from a current value by a pre-determined threshold. 
Proposal 8: The UE-specific TA is reported in an uplink semi-persistent scheduling (UL-SPS) message, such as the one used for reporting buffer status reports (BSRs) in NB-IoT.
Proposal 9: The UE-specific TA report is self-contained, and not differential w.r.t a previous TA report or value.
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