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IntroductionAgreement
· Each N of consecutive SSB indexes associated to one CG configuration are mapped to valid CG PUSCH resources
· first, in increasing order of DMRS resource indexes, where a DMRS resource index DMRSid is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index
· second, in increasing order of CG period indexes in the association period
· The mapping ratio N is explicitly signalled and the association period is implicitly derived
· FFS candidate value set of mapping ratio, and whether it is configured per CG configuration or per cell
· The SSB to CG PUSCH association period is the duration of multiple of CG periods depending the smallest time duration in the set determined by the CG period such that all SSBs associated with the CG configuration are mapped at least once to CG PUSCH resources.
· An association pattern period includes one or more association periods and is determined so that a pattern between CG PUSCH occasions and SS/PBCH block indexes associated with the CG configuration repeats at most every 640 msec.
· Note: The mapping ordering and steps may be revisited if multiple CG PUSCH occasions in one CG period is supported
 
Agreement
Support multiple DMRS resources per CG configuration when single layer PUSCH transmission is assumed, and each DMRS resource could be mapped to the same or different SSB(s)
· FFS if multi-layer PUSCH transmission is supported for CG-SDT
· FFS any limitation on the DMRS configuration if multiple CG PUSCH occasions per CG period is supported

Agreement
· The following PUSCH occasion validation rule is applied for CG-SDT
· for unpaired spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon
· if a UE is provided tdd-UL-DL-ConfigurationCommon, the valid PO is the PO in UL part in a slot, or at least Ngap symbols after the end of the DL part in a slot or after the end of the SSB in a slot
· if a UE is not provided tdd-UL-DL-ConfigurationCommon, the valid PO does not precede a SS/PBCH block in the PUSCH slot, starts at least Ngap symbols after a last SS/PBCH block symbol 
· Ngap is provided in Table 8.1-2 in TS 38.213
· FFS if any validation rule following the CG-PUSCH in RRC connected state is applicable, and whether and how to handle the overlapping between CG-PUSCH occasions for CG-SDT and any valid PRACH occasion or MsgA PUSCH occasion.
· FFS the rule for paired spectrum, and whether/how to support CG-SDT for UEs operating in Type-A HD-FDD.

In RAN1#106-e meeting [1], the RAN1 aspects on SDT was discussed and following conclusion/agreement are made:
In addition, the latest RAN2 LS on the progress on SDT is also received. Several requests are made as following:
In this contribution, we will further discusses the aspects on CG-PUSCH configuration, SSB-PUSCH mapping for the resource determinations as well as the new requests from RAN2.RAN2 would like to ask RAN1 the following questions: 
Q1: For both RA-SDT and CG-SDT, RAN2 assumes that common PUCCH resources (i.e. those that are shared with non-SDT UEs) can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions. Can RAN1 confirm this?
Q2: For RA-SDT and CG-SDT, for Msg4 /MsgB and subsequent SDT transmissions, does RAN1 think there is a need for any other PUCCH resources than the above and if needed, can RAN1 define these? 
Q3: Is there any other L1 configuration needed for both RA-SDT and CG-SDT to support the subsequent data transmissions from RAN1 perspective? 

In addition to the above, RAN2 discussed support of RA-SDT configuration on non-initial BWP. Some companies supported RA-SDT for non-initial BWP as this will reduce the congestion on initial BWP, whilst others expressed concerns on the complexity and paging monitoring. For this issue, RAN2 would like to ask RAN1 the following question: 

Q4: Do RAN1 have any concerns to support RA-SDT on the non-initial BWP? 
NOTE: It has already been agreed in RAN2 that CG-SDT resource can be configured on either initial BWP or separate SDT BWP, if confirmed by RAN1.
Q5: Does RAN1 think that BFD/BFR procedure is required for SDT and if needed, can RAN1 define the necessary procedure to support this?

Discussion
In last meeting, RAN1 agrees that the associated SSB sets for one CG-PUSCH is explicitly signalled, which means the configured SSBs could be only part of the SSBs in the system. By which, it still leaves some issues to finalize the resource determination for SDT in inactive state. 
SSB sets determination
The SSB sets determination for a CG-PUSCH should be straightforward in case of the information is signalled in the configuration, e.g., RRC release messages. However, if such indication is absent in the configuration, then the SSB sets associated with this given CG-PUSCH may not be clear to UE. There could be several options:
1. Associating to all the indicated SSB in the SIB1
2. Determine the SSB according to the sequential order of CG-PUSCH configuration lists
The first option is clear, if the indication is absent, then the CG-PUSCH will be configured to all SSBs indicated by SIB1. While the second option will use sequential order of SSB in SIB1 and the CG-PUSCH configuration(s) to do one-to-one association, e.g., there are 4 CG-PUSCH configuration, and SSB 0~7 are indicated in SIB1, then 
SSB0 -> first CG-PUSCH configuration, 
SSB1 -> second CG-PUSCH configuration, 
SSB2 -> third CG-PUSCH configuration,
SSB3 -> forth CG-PUSCH configuration.
Proposal 1: in case of the SSB set indication is absent, the UE determines the SSB(s) associated with the CG-PUSCH by one of the following
1. Associating to all the indicated SSB in the SIB1
2. Determine the SSB according to the sequential order of CG-PUSCH configuration lists

SSB-PUSCH mapping details
Multiple CG-PUSCH occasions vs repetition
For the CG-SDT as described by RAN2, the PUSCH resource (CG type1) will be configured in RRC release messages, which contains the SSB-PUSCH association as well. The purpose of such association is similar to what RAN1 has designed for SSB-RO association, which is for beam operation. More specifically, such association will allow gNB to identify the preferred DL Tx beam by UE thus gNB can feedback in the following DL transmission with the preferred beam after receiving the CG-PUSCH sent by UE. Thus, following the same logic, the PUSCH configuration information includes the CG-PUSCH periodicity, time/frequency domain size (e.g., TDRA and FDRA). Generally, two ways to configure such value, one is introducing the new parameter to configure the number of PUSCH transmission occasion (PO) in one CG-PUSCH period; the other is to re-interpret the number of repetitions configured, e.g., Type A repetition, for the same purpose. As shown in following figure, SDT-PUSCH periodicity =5ms, and if no repetition, each period have one PO but if the repetition number configured as 2, UE can interpret that each SDT-PUSCH period has 2 POs. comparing these two methods, the second one is much more preferred due to no introduction of signaling overhead. 
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Fig. 1 – interpretation of repetition number as the number of PO in one SDT-PUSCH period.
Proposal 2: Configure the number of PUSCH transmission occasion (PO) in one CG-PUSCH period by re-interpreting the number of repetitions configured.
For the issue whether to support the repetition in CG-SDT, as we discussed before, it is questionable why CG-SDT should support repetition? We already agree the CG-SDT will be selected based on a threshold, certainly a UE with certain good channel condition is able to use CG-SDT, rather than these in poor channel condition who needs repetition, who might use RA-SDT or even not qualified for SDT. 
Another concern is that, the configured repetitions (equal to the transmission occasions) will be through the validation check, or availability check. It will end up with different number of occasions from time to time, but the suggestion to consider these repetition in one period as a bundle of transmission occasions that are mapped to the same SSB(s) will count  each group with different of transmission occasions as the same level unit for SSB association,  it is an unfair design principle.
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Fig. 2 – example of uneven number of PO repetitions for SSB association
Observation 1: the repetition in CG-SDT is not motivated.
Proposal 3: the repletion in CG-SDT is not supported.

RACH configuration for RA-SDT
In case of RA-SDT, the UE will initiate the normal RACH procedure if the RA-SDT condition is satisfied. Thus the RACH resource for RA-SDT could be very similar to what normal RACH procedure need, especially for the case that the SDT and non-SDT are using separate RACH occasions. There might be some small issues needs to be taken care for the case when SDT and non-SDT are using shared RO, i.e., subset sharing and the preamble indication. 
Because the 2step RACH has been introduced already in Rel-16, the design of subset sharing and preamble indication should consider the impact of both 4step RACH and 2step RACH if they are using shared RO as well. 
Subset sharing RO indication
We think it’s reasonable to also share only subset of the RO corresponding to one SSB to SDT, in order to give the configuration flexibility to gNB according to the actual situation. Thus, a PRACH mask index could be introduced for subset RO sharing for SDT purpose. Besides, as RAN2 agreed:

1. For shared ROs case, all the following configurations can be allowed: (28/28)
· 4-step RA-SDT shares ROs with 4-step RA and/or 2-step RA
· 2-step RA-SDT shares ROs with 4-step RA and/or 2-step RA
· 2-step RA-SDT shares ROs with 4-step RA-SDT and/or 4-step RA and/or 2-step RA.




It seems the UE could face that the RA-SDT shares with 4step RA, 2step RA,4step RA-SDT. Thus, in addition to the PRACH mask index, the RA  type tied to the indicated PRACH mask index should be indicated, otherwise, UE could have ambiguity on which exactly RO to be shared from. 
Proposal 4: a PRACH mask index is supported for subset RO sharing for SDT purpose.
Proposal 5: a RA Type (4step RA, 2step RA,4step RA-SDT) is supported to be indicated for subset RO sharing for SDT purpose.

Preamble indication 
Based on the RO sharing situation, there could be different need for preamble indication design.
· Case 1: if SDT RO and 2step RACH RO is not overlapped, then only number of preamble for SDT in one RO is needed, the starting positioning could be from end of 4step RACH preamble;
· Case 2: if SDT RO and 2step RACH RO is overlapped, then both starting position and number of preambles for SDT is needed. This is because 2step RACH is an optional feature, thus an UE might not support 2step RACH but support SDT. Then such UE needs to be clear on what preamble could be used. Thus, there could be two ways:
· Explicit configuration of preamble starting positioning and preamble number of SDT in one RO for one SSB;
· Explicit configuration of preamble number of SDT in one RO for one SSB, and the starting position of these preambles are the end of the total preambles for one SSB in one RO, as shown in the following figure, the preamble is actually counting from end to front for one RO for one SSB.
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Figure 2 – illustration of SDT preamble in case of shared RO
Proposal 6: only number of preamble for SDT in one RO for a SSB is necessary to be indicated. These preambles are counting from the end of the total preambles for one SSB in one RO.

Aspects for RAN2 LS
	RAN2 respectfully asks RAN1 to take the above information into account in their specification work, inform RAN2 if RAN1 has any concerns with RAN2 agreements, and answer the following questions: 
Q1: For both RA-SDT and CG-SDT, RAN2 assumes that common PUCCH resources (i.e. those that are shared with non-SDT UEs) can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions. Can RAN1 confirm this?

Q2: For RA-SDT and CG-SDT, for Msg4 /MsgB and subsequent SDT transmissions, does RAN1 think there is a need for any other PUCCH resources than the above and if needed, can RAN1 define these? 

Q3: Is there any other L1 configuration needed for both RA-SDT and CG-SDT to support the subsequent data transmissions from RAN1 perspective? 

Q4: Do RAN1 have any concerns to support RA-SDT on the non-initial BWP? 

Q5: Does RAN1 think that BFD/BFR procedure is required for SDT and if needed, can RAN1 define the necessary procedure to support this?



For question 1, in case of RA-SDT, UE will complete the RACH procedure (without switching to RRC connected mode), but UE will be configured with a C-RNTI. So UE can continue the UL transmission if there is. So in this case, we think the PUCCH resource configured for ACK after msg4/B can be reused. Since the actual application of these PUCCH will be naturally separated by time. In case of CG-SDT, there is no need of PUCCH for the CG-SDT itself. It’s RAN2’s consideration that the CG-SDT procedure will open the window to allow gNB to transmit DL data to UE, in which a PUCCH will be needed. In this case, we think the PUCCH resource pool could still be shared.
Proposal 7: the PUCCH resource pool for msg4/B could be reused for RA-SDT and CG-SDT.
For question 2, as discussed above, there is no need for new PUCCH resource unless serious issue found.
[bookmark: _GoBack]For question 3, as discussed above, for RA-SDT, it seems sufficient. In addition, for CG-SDT, UE will be able to use the C-RNTI in previous connected mode as well as the CS-RNTI, as long as the CORESET/search space is determined, it seems sufficient as well.
For question 4, the idea of separate SDT BWP might create issues for SSB-RO, SSB-PUSCH, e.g., if the BWP of SDT needs to have SSB, and how it will be handled if there is no SSB? Will this SSB need to align with the pattern in initial access BWP. To our understanding, when UE is in RRC INACTIVE state, it’s mostly natural to have the SDT performed in initial BWP. It’s not convincing that a separate SDT-specific BWP is necessary.
Proposal 8: the support RA-SDT on the non-initial BWP is NOT confirmed.

    For question 5, as we understand the intention to discuss BFD/BFR issue is that, the UE might will continue the UL transmission for a certain time. So that the previously selected beam might be changed, and if there is lack of method to report the new select beam on time, there is a risk that the transmission will be interrupted. Thus, a method to maintain the beam pair or a valid DL beam during SDT procedure is needed.
The legacy beam failure detection and recovery method is naturally the potential manner if can be reused. From feasibility point of view, it could be feasible to configure candidate beam RS for BFD, and ask UE additional monitor the RS and following similar procedure as legacy BFD and BFR. However, such manner might request quite amount of signalling overhead and/or power consumption for UE, which contradicts the basic use scenario for SDT (to save signalling overhead and power consumption). 
Observation 2: reuse similar manner as legacy BFD and BFR is possible but the introduced signalling overhead and power consumption (or complex) is considerable. 

On the other hand, UE is already configured SSB sets by CG-SDT configuration, and UE will monitor the SSB from the SIB1. As noted, the SSB could be changed during RACH procedure as already supported since R15, thus, update DL beam is not a problem at all. For the PUSCH after msg4 as the continuous SDT PUSCH for RA-SDT, or the PUSCH in CG-PUSCH, the UCI piggybacked in the PUSCH could be used to indicate the preferred DL beam by UE, E.g., with 3bits for FR1 UCI in PUSCH or 8 bits for FR2 UCI in PUSCH.   
Observation 3: RA-SDT can already support DL beam change during RACH procedure.
Proposal 9: UCI piggybacked in PUSCH is supported to indicate the preferred DL beam (e.g., SSB index) for PUSCH after msg4 in RA-SDT and CG-SDT.

The UL beam for preamble and msg3 is up to UE implementation, while for RA-SDT, the UL tx beam for PUSCH after msg4/B could be same as that one for last msg3 transmission, or last PUCCH transmission. As for CG-SDT, the first UL transmission could be also up to UE implementation.  
Proposal 10: for RA-SDT, the UL tx beam for PUSCH after msg4/B could be same as that one for last msg3 transmission, or last PUCCH transmission.
Proposal 11: for CG-SDT, the first UL transmission could be also up to UE implementation
Conclusion
This contribution discusses Physical layer aspects for SDT. Observations and proposals are summarized as follows: 
Proposal 1: in case of the SSB set indication is absent, the UE determines the SSB(s) associated with the CG-PUSCH by one of the following
1. Associating to all the indicated SSB in the SIB1
2. Determine the SSB according to the sequential order of CG-PUSCH configuration lists
Proposal 2: Configure the number of PUSCH transmission occasion (PO) in one CG-PUSCH period by re-interpreting the number of repetitions configured.
Observation 1: the repetition in CG-SDT is not motivated.
Proposal 3: the repletion in CG-SDT is not supported.
Proposal 4: a PRACH mask index is supported for subset RO sharing for SDT purpose.
Proposal 5: a RA Type (4step RA, 2step RA,4step RA-SDT) is supported to be indicated for subset RO sharing for SDT purpose.
Proposal 6: only number of preamble for SDT in one RO for a SSB is necessary to be indicated. These preambles are counting from the end of the total preambles for one SSB in one RO.
Proposal 7: the PUCCH resource pool for msg4/B could be reused for RA-SDT and CG-SDT.
Proposal 8: the support RA-SDT on the non-initial BWP is NOT confirmed.
Observation 2: reuse similar manner as legacy BFD and BFR is possible but the introduced signalling overhead and power consumption (or complex) is considerable. 
Observation 3: RA-SDT can already support DL beam change during RACH procedure.
Proposal 9: UCI piggybacked in PUSCH is supported to indicate the preferred DL beam (e.g., SSB index) for PUSCH after msg4 in RA-SDT and CG-SDT.
Proposal 10: for RA-SDT, the UL tx beam for PUSCH after msg4/B could be same as that one for last msg3 transmission, or last PUCCH transmission.
Proposal 11: for CG-SDT, the first UL transmission could be also up to UE implementation
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