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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#113bis-e meeting, various agreements were achieved on SDT procedure and user plane [1].
	Agreements:
1 RSRP threshold is used to select between SDT and non-SDT procedure, if configured (RSRP refers to the same RSRP measured for carrier selection).
2 RSRP threshold to select between SDT and non-SDT procedure is used for both CG-SDT and RA-SDT
3 RSRP threshold to select between SDT and non-SDT procedure is same for both CG-SDT and RA-SDT
4 RSRP threshold for carrier selection is specific to SDT (i.e. separately configured for SDT).  This is optional for the network.  
5 Confirm that cell selection mechanism is not modified 
6 RSRP threshold for RA type selection is specific to SDT (i.e. separately configured for SDT)
7 Data volume threshold is the same for CG-SDT and RA-SDT (can be checked further in stage 3 if we obtain majority support)
8	FFS on the order and missing pieces (e.g. failure, fallback) of the high level procedure.  The details of the procedures are left for stage 3.  FFS on the procedure below, but copied for information.
	A.  Upon arrival of data only for DRB/SRB(s) for which SDT is enabled, the high level procedure for selection between SDT and non SDT procedure is as follows:
	If CG-SDT criteria is met: UE selects CG-SDT. UE initiate SDT procedure
	Else if RA-SDT criteria is met: UE selects RA-SDT. UE initiate SDT procedure
	Else: UE initiate non SDT procedure.

	B. CG-SDT criteria is considered met, if all of the following conditions are met,
1) available data volume <= data volume threshold
2) RSRP is greater than or equal to a configured threshold
FFS 3) CG-SDT resources are configured on the selected UL carrier and are valid

C. RA-SDT criteria is considered met, if all of the following conditions are met,
1) available data volume <= data volume threshold
2) RSRP is greater than or equal to a configured threshold
3) 4 step RA-SDT resources are configured on the selected UL carrier and criteria to select 4 step RA SDT is met; or 2 step RA-SDT resources are configured on the selected UL carrier and criteria to select 2 step RA SDT is met

9 Switching from SDT to non-SDT is supported.
10 FFS Switching from CG-SDT to RA-SDT is not allowed
11	UE switches from SDT to non-SDT in following cases:
-	Case 1 (27/0): UE receive indication from network to switch to non-SDT procedure. 
-		Network can send RRCResume. FFS whether network can send indication in RAR/fallbackRAR/DCI to switch to non-SDT procedure.
-	FFS Case 2 (18/9): Initial UL transmission (in msgA/Msg3/CG resources) fails configured number of times



Agreements
1	 The UE performs PDCP re-establishment implicitly, i.e. without explicit indication for PDCP re-establishment, when the UE initiates SDT procedure. 
2	As in legacy, whether to support ROHC continuity is explicitly configured by the network. 
3	PDCP duplication is not supported for SDT
4	connected mode DRX is not supported for SDT
5	PHR functionality is supported for SDT.   FFS on PHR procedure
6	SR resource is not configured for SDT. When the BSR is triggered by SDT data, the UE will trigger RA because SR resource is not available, same as legacy

In the following, we discuss remaining issues and FFSs of previous meeting, our analysis as well as preference are also provided.
Discussion
2.1. SDT procedure
2.1.1	UE behavior when initial UL transmission of CG-SDT fails
It has been agreed that SDT can fallback to non-SDT procedure, but there is one FFS on whether CG-SDT can fallback to RA-SDT. When the UE fails in CG-SDT, the solutions can be:
· the UE switches to RRC re-establishment;
· the UE goes to RRC IDLE;
· the UE switches CG-SDT to RA-SDT;
· the UE switches CG-SDT to non-SDT procedure;
· leave this to UE implementation;
In the following, we analyze the advantages as well as disadvantages of each solution.
Switching to RRC re-establishment
If the UE switches to RRC re-establishment procedure, UE has to perform cell selection and then reestablish PDCP, RLC and etc. It is a bit complex. In addition, the RSRP of serving is beyond the configured threshold, in light of that UE has selected CG-SDT with all the selection criteria are satisfied. Therefore, it is more likely that UE selects to the same serving cell. Besides, in RAN2#113bis meeting, it was agreed that RRC re-establishment procedure is not supported when cell reselection happens in SDT. From our perspective, one unified solution should be adapted, i.e. RRC re-establishment is not pursued when CG-SDT fails.
Switching to RRC IDLE
If the UE goes to RRC IDLE mode directly, this will greatly impact the service performance and should not be supported.
Switching to RA-SDT
Based on the email discussion in RAN2#113bis e-meeting [2], majority of companies does not support CG-SDT fallback to RA-SDT. This is because the UE has high probability to fail for RA-SDT since the CG-SDT is not successful. Therefore, we think this option is not preferable.
Switching to non-SDT procedure
If UE switches CG-SDT to non-SDT procedure, for example, legacy RRC resume procedure, network may indicate the UE to go to CONNECTED mode. Then, dedicated resources and configurations can be assigned by the network. This is more reasonable. Also, it has been agreed that switching from SDT to non-SDT is supported. Hence, this solution aligns with the agreement.
UE implementation
Leaving this to UE implementation is LTE solution. We can support this if no consensus can be reached.
[bookmark: _Toc78795523]Proposal 1: Upon failure of initial CG-SDT transmission, it is propose to  switch CG-SDT to non-SDT procedure.
2.1.2	Indication used to switch UE to non-SDT procedure
In email[2], there is one FFS addressing whether network can send indication in RAR/fallbackRAR to switch to non-SDT procedure, which is highlighted in yellow.
	Proposal 10: UE switches from SDT to non-SDT in following cases:
· Case 1: UE receive indication from network to switch to non-SDT procedure. 
· Network can send RRCResume. FFS whether network can send indication in RAR/fallbackRAR to switch to non-SDT procedure.
· Case 2: Initial UL transmission (in msgA/Msg3/CG resources) fails configured number of times


In EDT, when the UL grant provided in RAR is not for EDT, UE will indicate to the RRC layer the EDT is cancelled and normal RRC setup/resume procedure is conducted [3]-[4]. Therefore, we think the same principle can be reused in NR.
	36.321
-	if the Random Access Preamble associated with EDT was transmitted and UL grant provided in the Random Access Response message is not for EDT:
-	indicate to upper layers that EDT is cancelled due to UL grant not being for EDT;
-	for CP-EDT, flush the Msg3 buffer.
-	for UP-EDT, update the MAC PDU in the Msg3 buffer in accordance with the uplink grant received in the Random Access Response.s



	[bookmark: _Toc46482951][bookmark: _Toc46481717][bookmark: _Toc46480483][bookmark: _Toc37081858][bookmark: _Toc36938879][bookmark: _Toc36846226][bookmark: _Toc36809862][bookmark: _Toc36566453][bookmark: _Toc29343204][bookmark: _Toc29342065][bookmark: _Toc20486773]36.331
5.3.3.3c	UE actions upon receiving EDT fallback indication from lower layers
Upon indication from lower layers that EDT is cancelled, the UE shall:
1>	start or restart timer T300;
1>	if the fallback is indicated by lower layers in response to the RRCEarlyDataRequest:
2>	initiate transmission of RRCConnectionRequest message in accordance with 5.3.3.3;
1>	else if the fallback is indicated by lower layers in response to the RRCConnectionResumeRequest for EDT when connected to EPC and the fallback is not due to the UL grant provided in Random Access Response not being for EDT:
2>	perform the actions as specified in 5.3.3.9a;
2>	initiate transmission of the RRCConnectionResumeRequest message in accordance with 5.3.3.3a;
NOTE:	It is up to UE implementation to avoid data loss due to EDT fallback.




Therefore, we propose that
[bookmark: _Toc78795524]Proposal 2: Network can send indication in RAR to switch to non-SDT procedure.
In 2-step RA, fallbackRAR is used to indicate UE to fallback to 4-step RA. However, there is no conclusion on whether it can be used to indicate UE to fallback to 4-step SDT-RA. In 2-step RA-SDT, when UL synchronization is lost, the network may receive preamble but PUSCH in MSGA. So if the network intends SDT, it can indicate UE to go to 4-step RA-SDT. However, if the network does not want to continue SDT, it can also indicate the UE to go to normal 4-step RA. It gives flexibility to the network. Like RAR, the reserved bit can be used to indicate SDT RA or normal RA. 



Figure 1: FallbackRAR
R bit can be used to indicate common 4-step RA and SDT 4-SDT RA.
[bookmark: _Toc78795525]Proposal 3: Network can send indication in fallbackRAR to indicate whether the UE goes to 4-step SDT RA or normal 4-step RA.
2.1.3 Handling of SDT failure detection timer when switching to non-SDT
In RAN2#113bis-e meeting, we agreed:
	1.	SDT failure detection timer is started upon initiation of SDT procedure
2.	T319 legacy is not started if RRCResumeRequest or RRCResumeRequest1 is transmitted for SDT
3.	T319 legacy stop conditions also apply to SDT failure detection timer


If proposal 1, 2 or 3 is agreed, we need to further discuss how to handle SDT failure detection timer when the UE switches from SDT to non-SDT.
When the UE switches from SDT to non-SDT without receiving RRC message (e.g. RRCResume message), it is straightforward that the UE stops SDT failure detection timer and starts T319 timer for non-SDT procedure. We can discuss the value of T319 timer further after all cases of switching from SDT to non-SDT are agreed.
[bookmark: _Toc78795526]Proposal 4: When the UE switches from SDT to non-SDT without receiving any RRC message, the UE stops SDT failure detection timer and starts T319 timer for non-SDT procedure.

2.2. PHR procedure
2.2.1	PHR type
In RAN2#113bis meeting, it was agreed that PHR is supported in SDT. PHR is used to report the power header room to support for power-aware packet scheduling. It implies how much transmission power left for the UE to be used in addition to the power being used by current transmission.
[bookmark: _GoBack]In NR connected mode, the following information is reported in PHR [7]:
	-	Type 1 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell;
-	Type 2 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH and PUCCH transmission on SpCell of the other MAC entity (i.e. E-UTRA MAC entity in EN-DC, NE-DC, and NGEN-DC cases);
-	Type 3 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for SRS transmission per activated Serving Cell;
-	MPE P-MPR: the power backoff to meet the MPE FR2 requirements for a Serving Cell operating on FR2.


We will study the PHR type case by case:
Type 2 power headroom
Type 2 power headroom is not introduced in NR and only be used in EN-DC, NE-DC and NGEN-DC cases. In RAN2#113bis meeting, it was agreed that:
1	gNB can only configure MN terminated MCG bearer type for SDT	
This implies that SDT can only be configured for the MN terminated MCG bearer, but it does not mean that DC can not be supported in SDT. In our understanding, DC is beneficial to increase the user perspective throughput. Meanwhile, if the UE which is going through poor channel condition with the MN can be connected to SN to achieve better cell coverage. However, in SDT, the data amount is not so large. Besides, if DC is supported, the UE has to send first UL message through MN and then MN sends SN configuration to the UE. Therefore, the benefit of using DC in SDT is not so obvious. Hence, it is suggested DC is not supported in SDT. Besides, default MAC configuration is used in SDT. Hence, CA is not supported in SDT, either. Therefore, multiplePHR will be set to false in SDT and Multiple Entry PHR MAC CE will not be generated.
[bookmark: _Toc78795527]Proposal 5: Single Entry PHR MAC CE is applied in SDT.
Type 3 power headroom
There is no conclusion on whether SRS is supported in SDT. Considering SRS expends a large bandwidth, supporting SRS in SDT will introduce power consumption. But we can send LS to RAN1 to ask whether SRS is supported in SDT.
MPR P-MPR
MPE P-MPR reported in PHR is to mitigate RLF due to sudden and unpredictable large back off caused UE’s actions to ensure compliance with MPE regulation [5]. When mpe-Reporting-FR2 is configured, the UE can report the PHR which is referred below to as 'MPE P-MPR report'. In SDT, default PHR configuration is used [6] where mpe-Reporting-FR2 is not configured as default. 
[bookmark: _Toc78795528]Proposal 6: Type 2 and MPE P-MPR report are not supported in SDT.
[bookmark: _Toc78795529]Proposal 7: Send LS to RAN1 to check whether SRS is supported in SDT and then decide whether Type 3 power headroom is supported in SDT.
2.2.2	PHR trigger
PHR is triggered when the following conditions are satisfied [7]:
a. Timer expiration: phr-ProhibitTimer or phr-PeriodicTimer;
b. Path loss has changed more than phr-Tx-PowerFactorChange dB;
c. Configuration or reconfiguration of the PHR which does not disable the function;
d. Activation of an SCell of any MAC entity with CG of which is not dormant BWP;
e. Upon switching of activated BWP from dormant BWP to non-dormant DL BWP;
f. MPE P-MPR report;
There is no conclusion on when MAC configuration will be applied during SDT. Since default MAC configuration is used for SDT, it should take effect when SDT is initiated. In consequence, PHR which is part of default MAC configuration is configured to the UE during SDT initiation.
CA, dormant BWP and MPE P-MPR report are not configured in MAC with default configuration. In consequence, condition d, e and f are not to be satisfied in SDT.
[bookmark: _Toc78795530]Proposal 8: PHR can be triggered when:
· phr-ProhibitTimer and phr-PeriodicTimer expires;
· path loss has changed more phr-Tx-PowerFactorChange dB;
· default PHR configuration is applied to the UE during SDT initiation. 
[bookmark: _Toc78795531]Proposal 9: Current PHR triggering procedure can be reused in SDT.
2.2.3	PHR Prioritization
PHR MAC CE needs to be sent to the network together with SDT data. According to the logical channel prioritization procedure, PHR MAC CE has higher priority than DRB data. Someone may argue that this may occupy large UL grant. However, taking Proposal 7 into account, i.e. Single Entry PHR MAC CE is reported to the network, the overhead is tolerable. Therefore, the current logical channel prioritization procedure can be reused.
[bookmark: _Toc78795532]Proposal 10: Current logical channel prioritization procedure can be reused in SDT.
2.3. LCH restriction
LCH can be configured with some logical channel restrictions, for example, SCS, PUSCH duration and CG configurations to make sure the suitable UL grant is used for the logical channel. In SDT, it has been assumed that multiple CG configurations can be supported. Under this assumption, associate CG configuration to logical channel is helpful to resource assignment. For example, traffic of LCH1 requires large periodicity but small TBS, while traffic of LCH2 requires small periodicity but large TBS. And there are two CG configurations. CG configuration 1 is configured with large periodicity and small TBS corresponding to LCH1. And CG configuration 2 is configured with small periodicity and large TBS corresponding to LCH2. In this way, data can be transmitted on the appropriate CG resource with low latency and less resource wastage. While other parameters of LCH restriction are almost the same in SDT procedure, they have no impacts on SDT transmission. Therefore, we support that:
[bookmark: _Toc78795533]Proposal 11: Support LCH restriction in SDT.
2.4. MSG3 content
In RA-SDT, T-C-RNTI in RAR will turn to C-RNTI and be used in the subsequent scheduling procedure. Meanwhile, C-RNTI which is assigned in RRCRelease message is also valid during the CG-SDT procedure. The network can recognize the UE by the unique C-RNTI.
In RAN2#113bis meeting, it has been agreed that:
6	SR resource is not configured for SDT. When the BSR is triggered by SDT data, the UE will trigger RA because SR resource is not available, same as legacy
It implies that in subsequent SDT, data may arrive and trigger RA. In this case, C-RNTI can be multiplexed together with BSR to the network in MSG3/MSGA. When the network receives MSG3/MSGA, it can find which UE initiates the RA procedure and the data volume in the buffer of the UE. Then, network can decide whether to indicate the UE to go to RRC connected mode or just continue SDT transmission.
In accordance to the current specification, UE can multiplex C-RNTI when there is no data from CCCH. So we think this can be supported without much complexity.
[bookmark: _Toc68255397][bookmark: _Toc78795534]Proposal 12: Include C-RNTI as well as BSR in the content of MSG3/MSGA during the RA which is triggered by the BSR when new SDT data arrives during subsequent SDT.
Conclusion
This contribution analyzed the UP common issues for both RA-based and CG-based SDT. We conclude the following proposals:
Proposal 1: Upon failure of initial CG-SDT transmission, it is propose to  switch CG-SDT to non-SDT procedure.
Proposal 2: Network can send indication in RAR to switch to non-SDT procedure.
Proposal 3: Network can send indication in fallbackRAR to indicate whether the UE goes to 4-step SDT RA or normal 4-step RA.
Proposal 4: When the UE switches from SDT to non-SDT without receiving any RRC message, the UE stops SDT failure detection timer and starts T319 timer for non-SDT procedure.
Proposal 5: Single Entry PHR MAC CE is applied in SDT.
Proposal 6: Type 2 and MPE P-MPR report are not supported in SDT.
Proposal 7: Send LS to RAN1 to check whether SRS is supported in SDT and then decide whether Type 3 power headroom is supported in SDT.
Proposal 8: PHR can be triggered when:
Proposal 9 Current PHR triggering procedure can be reused in SDT.
Proposal 10: Current logical channel prioritization procedure can be reused in SDT.
Proposal 11: Support LCH restriction in SDT.
Proposal 12: Include C-RNTI as well as BSR in the content of MSG3/MSGA during the RA which is triggered by the BSR when new SDT data arrives during subsequent SDT.
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