[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #104	R1-2100501
e-Meeting, January 25th – February 5th, 2021

Agenda item:		5
Source:	Nokia, Nokia Shanghai Bell
Title:	On physical layer aspects of small data transmission
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk510705081]RAN#88 initiated a WI on small data transmissions in inactive state [2] stating on Note 2 that “Any associated specification work in RAN1 that is needed to support the above set of objectives should be initiated by RAN2 via an LS.” 
	· For the RRC_INACTIVE state:
· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):
· [bookmark: _Hlk26863976]General procedure to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]
· Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2] 
· Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]
Note 1: The security aspects of the above solutions should be checked with SA3
· Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 1) – when TA is valid
· General procedure for small data transmission over configured grant type 1 resources from INACTIVE state [RAN2]
· Configuration of the configured grant type1 resources for small data transmission in UL for INACTIVE state [RAN2]
· Specify RRM core requirements for small data transmission in RRC_INACTIVE, if needed [RAN4]
No new RRC state should be introduced in this WID. Transmission of smalldata in UL, subsequent transmission of smalldata in UL and DL and the state transition decisions should be under network control.
Focus of the WID should be on licensed carriers and the solutions can be reused for NR-U if applicable.
Note 2: Any associated specification work in RAN1 that is needed to support the above set of objectives should be initiated by RAN2 via an LS. 



RAN1#104 is receiving the LS the WID mentions, sent from November RAN2#112e with the following actions [1]:
	ACTION: 	RAN2 respectfully requests RAN1 to take the above into account and provide input for: 
· Configuration of the coreset and search space for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT. 
· [bookmark: _Hlk59093079]Configuration of association between the type 1 CG resource(s) for CG-SDT and SSB(s)



Discussion
Configuration of the coreset and search space
With regard to question on “Configuration of the coreset and search space for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT”, RAN2 noted:
	…RAN2 has agreed that the UE in RRC_INACTIVE should be able to send multiple UL and DL packets as part of the same SDT mechanism and the UE has to monitor the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT. RAN2 respectfully requests RAN1 to provide input on configuration of the coreset and search space for monitoring the PDCCH addressed to the C-RNTI in the above case. 



The simplest approach would be to monitor the C-RNTI for SDT operation following the CORESET configuration applicable to CSS type1 at any given time as already defined. It would also be possible to consider a SDT-specific CORESET and/or search space configuration, but given the flexibility already associated to the CORESET and SS configurations, this does not seem as justified additional complexity and overhead, unless clear benefits are identified.
Proposal 1: The UE monitors the C-RNTI for small data transmission after the successful completion of the RA-SDT procedure in CSS type1 applying the CORESET configuration associated to that CSS.  
Configuration of association between the type 1 CG resource(s) for CG-SDT and SSB(s)
With regard to question on “Configuration of association between the type 1 CG resource(s) for CG-SDT and SSB(s)”, RAN2 noted:
	…
6. From RAN2 point of view:  An association between CG resources and SSBs is required for CG-based SDT.  FFS up to RAN1 how the association is configured or provided to the UE.  Send an LS to RAN1 to start the discussion on how the association can be made.   Mention that one option RAN2 considered was explicit configuration with RRC Release message
7. A SS-RSRP threshold is configured for SSB selection. UE selects one of the SSB with SS-RSRP above the threshold and selects the associated CG resource for UL data transmission.
…

…RAN2 has agreed that an association between type 1 CG resource(s) and SSB(s) is required for CG-based SDT considering the multi-beam operation. Providing such configuration explicitly in the RRCRelease message with suspendConfig is being considered by RAN2. RAN2 respectfully requests RAN1 to provide input on configuration of such association between the type 1 CG resources and the SSBs. 



The CG-PUSCH relation to SSB allows the gNB to know from the CG-PUSCH resources the direction the UE’s PUSCH transmission can be expected from, assuming that the UE can guarantee SSB-to-PUSCH beam correspondence in RRC_INACTIVE. The SSB-to-CG-PUSCH resource relation can be constructed with an explicit CG-PUSCH resource to SSB linkage provided in the RRC configuration. A similar flexibility as with SSB-to-RO configuration may be beneficial, at least so that one CG-PUSCH resource can be linked to one or several SSBs in a TDM manner similar to SSB to PRACH mapping.
Observation 1: The UE in RRC_INACTIVE needs to support beam correspondence for the CG-PUSCH resource to SSB relation to be useful.
Proposal 2: From RAN1 perspective the CG-PUSCH resource to SSB relation can be provided explicitely in the RRC configuration. It should be possible to associate one CG-PUSCH configuration to several (or to all) SSBs.


TA validity within and across SSBs
In RAN2-112e the following agreements were made related to the TA validity criteria to be applied by the UE before attempting a CG based SDT transmission:
	…
3. A new TA timer for TA maintenance specified for configured grant based small data transfer in RRC_INACTIVE should be introduced.  FFS on the procedure, the validity of TA, and how to handle expiration of TA timer.  The TA timer is configured together with the CG configuration in the RRCRelease message.
…
5. The UE can use configured grant based small data transfer if at least the following criteria is fulfilled (1) user data is smaller than the data volume threshold; (2) configured grant resource is configured and valid; (3) UE has valid TA.  FFS for the candidate beam criteria.
… 


The TA timer by itself is not a condition enough to validate if the UE still has a valid TA, since the configured timer duration does not reflect the UE’s mobility conditions and therefore the UE can become time misaligned before the TA timer expires. Also, the UE may be still time aligned when the TA timer expires. Therefore, in NB-IOT’s PUR, the TA validation procedure was extended to also include the observation of the variantion of the serving cell RSRP. Below we revisit this procedure as defined in TS 38.331 in clause 5.3.3.19:
	[bookmark: _Toc60863339][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
A UE shall consider the timing alignment value for transmission using PUR to be valid when all of the following conditions are fulfilled:
1>	if pur-TimeAlignmentTimer is configured:
2>	pur-TimeAlignmentTimer is running as confirmed by lower layers;
1>	if pur-RSRP-ChangeThreshold (pur-NRSRP-ChangeThreshold in NB-IoT) is configured:
2>	since the last TA validation, the serving cell (N)RSRP has not increased by more than increaseThresh; and
2>	since the last TA validation, the serving cell (N)RSRP has not decreased by more than decreaseThresh;


A UE before proceeding with its PUR transmission, has to ensure that the current measured serving cell RSRP as neither increased above the increaseThresh nor has decreased below the decreaseThresh, when compared to previous serving cell RSRP when the UE knows that the TA was valid. However, the same serving cell RSRP based TA validation procedure is not necessarilly sufficient in NR, mainly due to the characteristics associated with the NR’s beam-based operation.
We provide in Figure 1 two illustrative examples where it might be challenging for the UE to extract from the observation of the variation of the cell-level RSRP if the UE is still time aligned. In the example in Figure 1(a) (intra-beam movement), the UE moves within the same SSB beam closer to the gNB (reducing the pathloss), but farther away from the beamforming lobe (i.e. where the beamforming gain is the highest), which results on a net zero variation of the measured serving cell RSRP, i.e. since the RSRP does not vary, the UE cannot detect that the TA might no longer be valid. In contrast, in the example in Figure 1(b) (inter-beam movement) the UE moves between different SSBs (i.e. different beams) while maintaining the same distance to the gNB, which results on the UE observing a variation on the measured serving cell RSRP while still keeping a valid TA.


[bookmark: _Ref57900083]Figure 1: Examples of where beamforming can disrupt the measured serving cell RSRP, but where it is not possible to ascertain if the UE still has a valid TA. The elipses represent the SSB coverage projected to the ground: (a) (intra-beam) the UE keeps a constant serving cell RSRP by moving closer to the gNB, decreasing the pathloss, but because the UE is also moving outside the main beamforming lobe then there is a corresponding beamforming gain decrease; (b) (inter-beam) the UE moves in a radial trajectory around the gNB so it keeps the same distance but transitions between SSBs.
Observation 2: TA validation based on serving cell RSRP variation is not robust in a NR system due to the multi-beam scenarios.
Proposal 3: RAN1 to study additional TA validation mechanisms that can make TA validation robust in multi-beam scenarios. 
Conclusion
In this contribution the RAN2 LS to RAN1 on MDT is discussed and the following proposals are made:
Proposal 1: The UE monitors the C-RNTI for small data transmission after the successful completion of the RA-SDT procedure in CSS type1 applying the CORESET configuration associated to that CSS.  
Observation 1: The UE in RRC_INACTIVE needs to support beam correspondence for the CG-PUSCH resource to SSB relation to be useful.
Proposal 2: From RAN1 perspective the CG-PUSCH resource to SSB relation can be provided explicitely in the RRC configuration. It should be possible to associate one CG-PUSCH configuration to several (or to all) SSBs.
Observation 2: TA validation based on serving cell RSRP variation is not robust in a NR system due to the multi-beam scenarios.
Proposal 3: RAN1 to study additional TA validation mechanisms that can make TA validation robust in multi-beam scenarios. 
[bookmark: _GoBack]Proposal 4: Provide RAN2 with an LS response corresponding to the proposals and observations above.
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