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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1#104-e meeting, RAN1 had one email discussion regarding RAN2 LS on physical layer aspects of small data transmission [1]. It is indicated in feedback LS [2] that RAN2 make decision if the separate SearchSpace is UE-specific or common to the UEs performing RA-SDT.
	For RA-SDT
RAN1 has discussed CORESET and search space for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT. From RAN1 perspective, the existing type-1 PDCCH CSS used for random access can be reused but it may impose higher PDCCH blocking rate and impact to the legacy UE performing random access, so at least a new search space that is different from the existing CSS should be supported for RA-SDT. It is feasible from RAN1 perspective to use either a new common search space or a UE-specific search space, thus it can be up to RAN2 to make the decision. The configuration of CORESET will be further discussed, basically following the same design logic for search space.
Based on the above, the following conclusions have been made.
· From RAN1 perspective, at least a separate SearchSpace that is different from the existing common SearchSpace should be supported for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT
· It is up to RAN2 decision if the separate SearchSpace is UE-specific or common to the UEs performing RA-SDT
· If the separate SearchSpace is not configured, type-1 PDCCH CSS can be reused.
· FFS UE-specific CORESET or common CORESET




In this document, we discuss the mechanism how USS and CSS work and give our preference on whether USS or CSS is used for RA-SDT.
Discussion
In SDT subsequent transmission, UE has to monitor the PDCCH to receive the subsequent DL/UL scheduling command. In Rel-16, UE monitors type1 PDCCH CSS (common search space) during the whole RACH procedure. However, if UE continues to monitor PDCCH in type 1 CSS after successful completion of the RACH in SDT, it may result in an increase in the PDCCH blocking rate to the UEs which performs normal RA access. That is one reason why RAN1 agree that at least a separate SS which is different from the existing CSS should be supported after successful completion of the RA procedure during RA-SDT. However, there is no consensus on whether the separate SS is UE-specific or common to the UEs which perform RA-SDT. 
In the following, we first analyze the chacterisitics of CSS and USS configuration for SDT. Then, we study whether the DCI format in CSS and USS. Finally, summary is provided.
2.1. Common search space (CSS)

Regarding CSS, it can be configured via system information to make sure that UEs under the cell can obtain the configuration. 
When UE moves to one new cell, it can obtain the CSS configuration of SDT. So the contraint on mobility is not so stringent. But obviously, the capacity is limited for CSS configuration. Another drawback for CSS configuration is less flexibility. This is because CSS is configured per cell if it is signalled in broadcast information. Besides, many UEs may share the CSS for SDT, latency may not be guarranteed for CSS.
But RAN1 has agreed one separate CSS which is different from the existing CSS for PDCCH monitoring in SDT is supported. So capacity issue is not so critical. Network can also adjust the configuration of the separate CSS, e.g. monitoring periods and starting offset of the SearchSpace according to the served traffic. This also eases the inflexibility issue.
[bookmark: _Toc68252526]Observation 1: CSS configuration is beneficial to the UEs with high mobility.
[bookmark: _Toc68252527]Observation 2: CSS configuration in SDT shows its vulnerability to low flexibility, limited capacity, somehow high latency on scheduling. But since one CSS different from existing CSS for PDCCH monitoring in SDT is agreed, capability and felexibility issue are not critical.
2.2. UE-specific search space (USS)
There are two alternatives addressing how to configure USS.
Alternative 1: Using RRCRelease message
Alternative 2: Using one new RRC message in MSGB/MSG4 in SDT
2.2.1 USS of SDT configured in RRCRelease
When the USS configuration for subsequent data transmission is configured in RRCRelease message, UE needs to maintain the configuration in RRC INACTIVE state. 
When the UE does not move out the current serving cell, the USS configuration can be used directly to monitor PDCCH after successful completion of RA in RA-SDT. This is particularly beneficial for the UEs that are temporarily or permanently stationary or with low mobility.
If the UE with mobility moves to the neighbour cell, USS configuation should be released. Otherwise, UE context with USS configuration needs to be interchanged from original cell to the neighbour cell. This definitely brings impacts on Xn signalling and is not expected. But if the UE context is not transferred to the new cell, the new cell can’t determine the USS configuration for this UE.
From the above analysis, we find that:
[bookmark: _Toc68252528]Observation 3: USS of SDT configured in RRCRelease is only valid in the serving cell.
[bookmark: _Toc68252529]Observation 4: USS of SDT configured in RRCRelease is benefical to the UEs which are temporarily or permanently stationary or with low mobility but is not suitable to the UEs with high mobility.
2.2.2 USS of SDT configured in MSGB/MSG4 in SDT
Considering USS configured in RRCRelease is not suitable for the UE with high mobility, another enhancement is to configure USS of SDT in one RRC message in MSGB/MSG4 in SDT.
In this solution, network can configure the parameters of search space, e.g. CCE (Control Channel Element Aggregation Level) and ALs, based on the PDCCH load and the UE power level. It is more precise and flexible than CSS configuraiton.
But if RRC message is used, it should be carried in SRB1 which requires being security and integrity protected. This requires anchor relocation if the UE moves to another cell to perform SDT. That means MSGB/MSG4 needs to wait for the completion of anchor relocation which is not feasible for SDT within RRC_INACTIVE state. And if USS configuration can be sent to the UE, other configurations can also be sent to the UE too. We don’t see the reason to keep the UE in RRC_INACTIVE state instead of RRC_CONNECTED state if RRC message which carries USS of SDT can be sent in MSGB/MSG4.
[bookmark: _Toc68252530]Observation 5: If USS of SDT can be configured in MSGB/MSG4 via RRC message for SDT, it is more reasonable to switch the UE into RRC_CONNECTED instead of keeping SDT within RRC_INACTIVE.
2.3. DCI format
In the following table, we summarize the DCIs monitored in CSS and USS respectively according to [38.213]. It can be seen that only DCI format 0_1 and format 1_0 can be used to schedule UL/DL transmission while other DCI formats in CSS are used for specific function.. UE can monitor non-fallback DCIs in USS, e.g. BWP switching, DFI and etc.. This enables more flexible configuration and efficient scheduling. However, since SDT is used for data with small amount, basic functionof DCI format 0_1 and 1_0 are sufficient.
Table 1 DCI monitored in USS and CSS
	DCI format in CSS
	RNTI
	RNTI
	DCI format in USS

	0_0
	C-RNTI or CS-RNTI or MCS-C-RNTI and Msg3 Retx
	0_0

	1_0
	C-RNTI or CS-RNTI or MCS-C-RNTI, P-RNTI, SI-RNTI, RA-RNTI, MSGB-RNTI, TC-RNTI
	1_0

	2_0
	SFI-RNTI
	C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI
	0_1

	2_1
	INT-RNTI
	C-RNTI or CS-RNTI or MCS-C-RNTI
	1_1

	2_2
	TPC-PUSCH-RNTI or TPC-PUCCH-RNTI
	C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI
	0_2

	2_3
	TPC-SRS-RNTI
	C-RNTI or CS-RNTI or MCS-C-RNTI
	1_2

	2_4
	ci-RNTI
	SL-RNTI or SL-CS-RNTI
	3_0

	2_6
	PS-RNTI
	SL-L-CS-RNTI
	3_1



[bookmark: _Toc68252531]Observation 6: DCI formats in CSS for SDT is sufficient.
2.4. Summary
In this section, we summarize the advantages and disadvantages in Table 2. 
	Search Space
	Mobility
	Capacity
	Signalling overhead
	Feasibility

	Alt 1: Separate CSS
	No restriction on mobility
	Not critical.
	Low 
	No issue

	Alt 2: USS configuration in RRCRelease
	UEs are restricted to be stationary or with low mobility
	High
	Low
	No issue

	Alt 3: USS configuration in one RRC message in MSGB/MSG4
	No restriction on mobility
	High
	High and the gain on power saving as well as signaling reduction is marginal.
	It is more reasonable to switch the UE into RRC_CONNECTED instead of keeping SDT within RRC_INACTIVE if the USS configuration can be configured in MSGB/MSG4



[bookmark: _GoBack]We find that even though Alt 1 has the disadvantages on low flexibility on DCI format, it can be commonly used for mobility UE and does not reduce the benefits on power saving and signaling reduction. Therefore, we propose that:
[bookmark: _Toc67066960]Proposal 1: Support one separate CSS configuration in SDT.
Conclusion
This contribution discussed in details the procedures of CG in SDT. The resulting observations and proposals are as follows:
Observation 1: CSS configuration is beneficial to the UEs with high mobility.
Observation 2: CSS configuration in SDT shows its vulnerability to low flexibility, limited capacity, somehow high latency on scheduling. But since one CSS different from existing CSS for PDCCH monitoring in SDT is agreed, capability and felexibility issue are not critical.
Observation 3: USS of SDT configured in RRCRelease is only valid in the serving cell.
Observation 4: USS of SDT configured in RRCRelease is benefical to the UEs which are temporarily or permanently stationary or with low mobility but is not suitable to the UEs with high mobility.
Observation 5: If USS of SDT can be configured in MSGB/MSG4 via RRC message for SDT, it is more reasonable to switch the UE into RRC_CONNECTED instead of keeping SDT within RRC_INACTIVE.
Observation 6: DCI formats in CSS for SDT is sufficient.
Proposal 1: Support one separate CSS configuration in SDT.
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