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1. Introduction
According to the RAN plenary #103 meeting, the following objectives on IoT-NTN [1] were agreed: 
	· Support of Capacity enhancements for uplink
· [bookmark: OLE_LINK16][bookmark: OLE_LINK15]Study then specify, if beneficial, enhancements to enable multiplexing of multiple UEs (e.g. up to the min of 4 and the maximum allowed by the existing UL and DL signalling) in a single 3.75 kHz or 15 kHz subcarrier via orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH [RAN1, RAN2, RAN4]
· Multi-tone support for 15 kHz SCS should also be considered
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
Note: Impact of impairment shall be taken into account
· [bookmark: OLE_LINK26][bookmark: OLE_LINK14]Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an Early Data Transmission (EDT) transaction [RAN2]:
· Msg3 transmission without msg1/ Random Access Response (RAR) 
· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete


In the last meeting, RAN2 has made some general agreements:
	Agreements:
· Both NB-IoT and eMTC are within scope of uplink capacity enhancements
· Both C-plane and U-plane solutions are within scope of uplink capacity enhancements.
· Only CIoT EPS is within scope of uplink capacity enhancements


In this contribution, we will discuss the details about the enhancements to reduce the necessary uplink and downlink signalling to achieve capacity enhancements for uplink from RAN2 perspective.
2. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Discussion
1 
2 
2.1 OCC enhancements
RAN1 discussed OCC enhancements during the last two meetings and made the following agreements: 
	Agreement in RAN1 #116
For single-tone NPUSCH format 1 transmissions with both 3.75kHz and 15kHz SCS, the following OCC schemes are considered by RAN1 for further study:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Slot-level 
· Repetition-level
· RV-level
For multi-tone NPUSCH format 1 transmissions, the following OCC schemes are considered by RAN1 for further study:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Slot-level (including N slot level)
· Repetition-level
· RV-level
· Intra-symbol pre-DFT spreading OCC 

Agreement in RAN1 #116bis
OCC multiplexing is not supported between a UE using NPUSCH format 1 with 3.75kHz SCS and another UE using NPUSCH format 1 with 15kHz SCS.
For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs.
For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers at least the following for further study:
· TDM of DMRS. The time domain locations of DMRS for different UEs are different. No OCC is applied for the DMRS of different UEs. 
· FFS: Detailed mapping 
· CDM of DMRS. The time domain locations of DMRS for different UEs are the same. Different OCCs are applied for the DMRS of different UEs. 
· FFS: Detailed mapping
· Other schemes are not precluded, including combinations of the above


Since only some initial conclusions for further evaluation and study were made, we should wait until RAN1 has made sufficient progress on this topic to initiate RAN2 discussion.
Proposal 1: Postpone RAN2 discussion on OCC until sufficient progress is made in RAN1.
Besides, during the last meeting, we made the following agreement:
Both NB-IoT and eMTC are within scope of uplink capacity enhancements.
The intention of this agreement was only for EDT enhancement, not OCC enhancement. Because OCC enhancement is only for NB IoT in IoT NTN based on the WID. So it is better to clarify that the above agreement was only for EDT enhancement to avoid confusion.
Proposal 2: Both NB-IoT and eMTC are within the scope of EDT enhancements. Only NB-IoT is within the scope of OCC enhancements.
2.2 EDT enhancements
2.2.1 Consideration of contention based PUR
In Rel-15, MO-EDT allows one UL data transmission (in Msg3) optionally followed by one DL transmission (in Msg4) during the random access procedure, avoiding UE’s transition to RRC_CONNECTED mode. In Rel-16, preconfigured uplink resource (PUR) is introduced to further improve latency/efficiency for small data transmission compared to MO-EDT. Msg1 and Msg2 in random access procedure are not needed in PUR. UE can directly begin with data transmission on the UL resource preconfigured in RRCRelease message in case the UE has valid TA. 
In order to increase the uplink capacity for IoT-NTN, we have decided to enhance the current EDT procedure to reduce the necessary uplink and downlink signaling overhead for data transmission. According to objectives of IoT-NTN WID, there will be no msg1/ Random Access Response, and msg4 will be optimized. This is very similar with the PUR mechanism which is an existing enhancement of EDT. To avoid repeating the discussion that already happened in Rel-16, we can directly take PUR as the baseline in IoT NTN for uplink capacity enhancement.
Proposal 3: RAN2 takes PUR mechanism as the baseline in IoT NTN for uplink capacity enhancement.
What can be further considered for IoT NTN is PUR with shared resource for multiple UEs, i.e., contention-based PUR, which can further increase the uplink capacity. Since this objective is only targeted at RAN2, it is better to clearly state that there is no RAN1 impact expected for this.
Proposal 4: Contention-based PUR can be considered as one of the candidate solutions for uplink capacity enhancement with the assumption that there is no RAN1 impact. 

2.2.2 Configuration of contention based PUR
If contention based PUR is supported, there are some options on table for the configuration of the Contention based PUR:
Option 1: Broadcast the PUR configuration in the SIB.
Option 2: Use RRCRelease to configure the PUR, similar as legacy.
Option 3: Broadcast the PUR resource in the SIB and configure other information (e.g., TAT) in RRCRelease.
Before selecting an option, RAN2 needs to identify which information is needed to be configured for PUR in IoT NTN and whether it needs to be configured per UE. As far as we can see, the TA related information to maintain TA validation should be UE specific hence it is not suited to be included in the SIB. Legacy transmission using PUR can only be performed when UE meets the TA validation criteria as specified in TS 36.331. 
	[bookmark: _Toc156167646][bookmark: _Toc46482970][bookmark: _Toc46481736][bookmark: _Toc46480502][bookmark: _Toc37081877][bookmark: _Toc36938898][bookmark: _Toc36846245][bookmark: _Toc36809881][bookmark: _Toc36566472]5.3.3.19	Timing alignment validation for transmission using PUR
The UE shall consider the timing alignment value for transmission using PUR to be valid when the following conditions are fulfilled:
1>	either pur-TimeAlignmentTimer is not configured or pur-TimeAlignmentTimer is running as confirmed by lower layers; and
1>	either pur-RSRP-ChangeThreshold (pur-NRSRP-ChangeThreshold in NB-IoT) is not configured or the following conditions are fulfilled:
2>	compared to the stored serving cell reference (N)RSRP value, the serving cell (N)RSRP has not increased by more than increaseThresh; and
2>	compared to the stored serving cell reference (N)RSRP value, the serving cell (N)RSRP has not decreased by more than decreaseThresh;


However, in R17 IoT NTN, RAN4 has agreed that RSRP-based TA validation requirements is not needed for PUR TA validation in RAN4#105 since the RSRP doesn’t change much in NTN:
	Issue 2-3-1: PUR, RSRP-based TA validation
· Agreement
· Do not define requirements for the legacy RSRP-based TA validation for PUR for both GEO and LEO


So at least pur-RSRP-ChangeThreshold is not needed in IoT NTN. 
Observation 1: There is no RAN4 requirement for configuring RSRP-based TA validation parameter for PUR.  
Another difference between NTN and TN is that, in NTN, UE can pre-compensate TA for UL data transmission based on valid satellite ephemeris information and UE location information. However, it may need further confirmation from RAN1 and RAN4 whether the accuracy of the calculated TA can meet the PUR transmission requirement. It would be safer to send an LS to RAN1/RAN4 before making a conclusion in RAN2.
Proposal 5: The RSRP-based TA validation parameter is not needed for PUR in IoT NTN.
Proposal 6: Send an LS to RAN1/RAN4 to ask whether the calculated TA can meet the PUR transmission requirement in IoT NTN and postpone the discussion on how PUR is configured.

2.2.3 Contention resolution of contention based PUR
Since the contention-based PUR resource is shared by multiple UEs, when different UEs choose the same resource, contention occurs just like what may happen during the RACH procedure. Therefore, contention resolution is also needed via Msg4 for the contention-based PUR transmission. To realize this, similar mechanism as contention resolution during RACH can be used. Specifically, the network obtains the UE ID in Msg3 and identifies the winner of the contention. And in order to indicate the contention resolution result to the UE, the NW can send a MAC CE including information of the UE ID via Msg4 for UE to check. 
Proposal 7: A MAC CE including UE ID information is used for contention resolution for the contention-based PUR. FFS the detailed design of the MAC CE.
Another discussion point is which RNTI the UE uses to monitor the PDCCH of the Msg4. For legacy PUR, a UE specific PUR-RNTI is configured for this. And for the legacy RACH procedure, TC-RNTI is provided for this in RAR, which is specific for the resource and the preamble that the UEs chose. On the other hand, for monitoring RAR, the UE can calculate an RA-RNTI based on the RACH resource. So basically there are two ways for the UE to acquires the RNTI for MSG4 for contention-based PUR: via NW configuration or via UE performing the calculation by itself. It is simpler to configure a RNTI for the specific PUR resource but since the PUR resource is periodic, one UE using the PUR resource of occasion 1 may also receive the MSG4 for the PUR resource of occasion 2.To avoid such confusion at the UE, it is better if UE calculates the RNTI by itself. 
Proposal 8: UE calculates an RNTI by itself for monitoring the PDCCH of MSG4. The details of RNTI calculation is FFS.

2.2.4 Fallback of contention based PUR
UE may fail the contention resolution for contention-based PUR when multiple UEs select the same resource for UL data transmission. One possible solution is that the UE re-attempts via contention-based PUR. Another possible solution is that the UE falls back to legacy EDT procedure and performs RACH. 
Proposal 9: RAN2 to discuss UE’s fallback mechanism if contention resolution fails. 
3. Conclusion
In this paper, we discuss the enhancements to reduce the necessary uplink and downlink signalling to achieve capacity enhancements for uplink, and have the following proposals:
OCC enhancement
Proposal 1: Postpone RAN2 discussion on OCC until sufficient progress is made in RAN1.
Proposal 2: Both NB-IoT and eMTC are within the scope of EDT enhancements. Only NB-IoT is within the scope of OCC enhancements.
Consideration of contention based PUR
Proposal 3: RAN2 takes PUR mechanism as the baseline in IoT NTN for uplink capacity enhancement.
Proposal 4: Contention-based PUR can be considered as one of the candidate solutions for uplink capacity enhancement with the assumption that there is no RAN1 impact. 
Configuration of contention based PUR
Observation 1: There is no RAN4 requirement for configuring RSRP-based TA validation parameter for PUR.  
Proposal 5: The RSRP-based TA validation parameter is not needed for PUR in IoT NTN.
Proposal 6: Send an LS to RAN1/RAN4 to ask whether the calculated TA can meet the PUR transmission requirement in IoT NTN and postpone the discussion on how PUR is configured.
Contention resolution of contention based PUR
Proposal 7: A MAC CE including UE ID information is used for contention resolution for the contention-based PUR. FFS the detailed design of the MAC CE.
Proposal 8: UE calculates an RNTI by itself for monitoring the PDCCH of MSG4. The details of RNTI calculation is FFS.
Fallback of contention based PUR
Proposal 9: RAN2 to discuss UE’s fallback mechanism if contention resolution fails. 
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