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1	Introduction
The relevant agreements discussed in this contribution are reported below [1][2]:
Agreements

· For RACH based solutions, upon successful completion of contention resolution, the UE shall monitor the C-RNTI
[bookmark: _Ref178064866]2	Discussion
2.1	Search Space for C-RNTI monitoring
RAN1 discussed the possible CORESET and Search Space options that could be considered to send PDCCH to schedule subsequent transmissions in RA-SDT (transmissions scheduled by C-RNTI). These considerations are reported in the LS reply [4].
RAN1 believes that using the existing type-1 PDCCH CSS (used to schedule Msg2, Msg4 and MsgB) should be avoided since it might impose higher PDCCH blocking rate and impact the legacy UE performance. Therefore, at least a new search space should be supported. In case a separate Search Space is not configured for a UE, type-1 PDCCH CSS could still be used for RA-SDT. Moreover, it is FFS whether a UE-specific CORESET or a common CORESET should be used for this separate Search Space.
Based on the above information, two possible options should be discussed in RAN2:
· Define a new common Search Space
· Use a UE-specific Search Space (USS)
[bookmark: _Toc68095569][bookmark: _Toc68095616][bookmark: _Toc68099658][bookmark: _Toc68204778]According to RAN1, the DCIs scheduling subsequent transmissions are preferred to be supported either on a new Common Search Space (CSS), separate from the legacy type1-PDCCH CSS, or on a UE-specific Search Space (USS)
These options are described in detail in the remainder of this section, keeping in mind that the objective is to have a valid Search Space configuration to use to receive scheduling grants for subsequent packet transmissions, using C-RNTI, right after contention resolution, as required by the agreement in Section 1.
The definition of a new Common Search Space will require a relevant standardization effort, in particular for RAN1. 
This CSS may or may not mapped to CORESET0, depending on when the configuration of other CORESETs will become available to the UE and on RAN1 decisions. In case CORESET0 will be used, this could potentially represent a degradation of performance for legacy UEs although the additional traffic is carried by a separate CSS due to the more limited flexibility for the network to make two different CSS share the same resources.
Nevertheless, all the additional traffic due to subsequent packet transmission scheduling would be directed to this CSS instead of the Type1-CSS already used for Msg2, Msg4 and MsgB.
The definition of a new CSS would simplify the signalling since this would likely be configured in System Information, so any UE would be able to use the search space at any moment during the random access procedure, and in particular once the contention has been resolved.
[bookmark: _Toc68204779]If a new CSS is defined to carry scheduling grants for subsequent transmission scrambled by C-RNTI:
[bookmark: _Toc68204780]- Standardization effort is required for RAN1
[bookmark: _Toc68204781]- Legacy UE performance might be affected depending on RAN1 decisions on CORESET mapping
[bookmark: _Toc68204782]- No additional traffic on Type1-PDCCH CSS
[bookmark: _Toc68204783]- The RRC configuration is simplified and limited to System Information
If a USS is used to carry scheduling grants for subsequent packet transmissions, the standardization effort would be minimal and limited to RAN2, although a few aspects should be studied to make sure the solution is feasible.
Since USS is configured by dedicated signalling, a UE does not always have a valid configuration. A solution to this was indicated by RAN1, suggesting that Type1-CSS may be used in this case. This would mean that in some cases there is a traffic increase in Type1-CSS that would degrade legacy performance, but the situation where a USS is not configured could be limited to few corner cases making the performance degradation negligible.
Normally, the USS could be configured during an earlier connection to the network or when RRCRelease is sent at the end of a SDT procedure so that if the UE is stationary in a cell it should have a valid configuration most of the time.
In the event of a cell reselection the USS configuration should be dropped and reconfigured by the new cell, so the first time the UE connects to the new cell it might have to use Type1-CSS instead and then receive a valid USS configuration at the end of SDT procedure to be used from that moment on.
To summarize, for the 4-step RACH the UE sends a SDT preamble and then waits for a PDCCH scrambled by RA-RNTI on Type1-CSS. The UE then receives Msg2 which contains TC-RNTI, and then sends a Msg3 containing RRCResumeRequest, the first segment of data and BSR. Finally, the UE waits for a PDCCH scrambled by TC-RNTI, again, on Type1-CSS which schedules a DL transmission containing the Contention Resolution ID (See Section 2.2 for more details). At this point, if the contention is resolved, C-RNTI becomes equal to TC-RNTI.
Similarly, for the 2-step RACH the UE sends MsgA containing a SDT preamble, RRCResumeRequest, the first segment of data and BSR. Then, the UE waits for a PDCCH scrambled by MSGB-RNTI on Type1-CSS which schedules MsgB transmission containing a SuccessRAR with a C-RNTI and the Contention Resolution ID.
At this point in both procedures the contention has been resolved and the UE has a valid C-RNTI and USS configuration. So, it can start monitoring PDCCH scrambled by C-RNTI on the USS that will schedule further subsequent packet transmissions or the final RRCRelease message.
With the intention of keeping the signalling as lean as possible, a DL transmission of an RRC message is avoided after Msg3/MsgA, and the presence of a previous USS configuration maintains this logic. Without a previous USS configuration, the UE would need a DL RRC message right after Msg3/MsgA in order to be able to use it for subsequent packet transmissions but, as stated before, Type1-CSS can be used instead.
[bookmark: _Toc68204784]If a USS is used to carry scheduling grants for subsequent transmissions scrambled by C-RNTI:
[bookmark: _Toc68204785]- Limited standardization effort required for RAN2
[bookmark: _Toc68204786]- Type1-CSS must be used in case a USS is not configured. As a consequence, there is a limited performance degradation for legacy UEs (e.g.: after a cell reselection)
[bookmark: _Toc68204787]- gNB should configure the USS while the UE is in RRC_CONNECTED or at the end of an SDT procedure (in RRCRelease)
As a conclusion both options should be discussed in detail in RAN2 based on the above observations.
[bookmark: _Toc68095574][bookmark: _Toc68095628][bookmark: _Toc68099670][bookmark: _Toc68095575][bookmark: _Toc68095629][bookmark: _Toc68099671][bookmark: _Toc68095576][bookmark: _Toc68095630][bookmark: _Toc68099672][bookmark: _Toc68204769]Discuss whether to define a new CSS or use USS to schedule PDCCH scrambled by C-RNTI for subsequent packet transmission based on Observations 2 and 3.
2.2	Contention Resolution
As mentioned in Section 1, it has been agreed that upon successful completion of contention resolution, the UE shall monitor C-RNTI, in particular to receive UL grants for subsequent transmissions.
In a previous contribution [3] we discussed how for RA-SDT with subsequent data the contention could be resolved (a) immediately after Msg3/MsgA transmission through a DL transmission containing the Contention Resolution ID (CRID) or (b) at the end of the SDT procedure when the gNB sends a DL RRC message to either release the connection or move the UE in RRC_CONNECTED.
Nevertheless, considering the agreement in Section 1, option (a) is the only one that allows the UE to use C-RNTI for the subsequent transmission scheduling. For this reason, it should be agreed that contention is resolved immediately after Msg3 or MsgA transmission. Although this is a legacy behaviour, it might not be clear that this behaviour is required also for SDT.
Moreover, by resolving the contention immediately, the subsequent transmissions are not affected by collisions with other UEs, improving in general the performance of the system.
There is no impact on 2-step RACH SDT, considering the general understanding of SDT before this discussion, as MsgB already contains the CRID in its legacy format. Also, differently from legacy, a DL RRC message is not needed, making MsgB smaller.
The impact on 4-step RACH SDT is more relevant, because between Msg3 and the final RRC DL message the intention was to have only subsequent transmission in RRC_INACTIVE, but a short DL message containing the CRID is required after Msg3 transmission.
[bookmark: _Toc68204770]Contention Resolution ID is sent (4-step RACH) in a DL transmission immediately after Msg3 (this transmission, differently from the legacy Msg4 will not contain DL RRC messages), or (2-step RACH) in MsgB.
It is worth mentioning that based on the analysis of subsequent packet transmission presented in [3], adding one further DL transmission after Msg3 reduces even more the usefulness of sending multiple packet transmissions in RRC_INACTIVE rather than moving the UE to RRC_CONNECTED. The gain appears to be limited to the inclusion of data in Msg3 rather than on the subsequent packet transmissions.
[bookmark: _Toc68204788]Sending the contention resolution ID after Msg3 in 4-step RACH SDT, reduces the usefulness of sending multiple subsequent transmissions with respect to what presented in a previous contribution [3].
Conclusion
In the previous sections we made the following observations: 
Observation 1	According to RAN1, the DCIs scheduling subsequent transmissions are preferred to be supported either on a new Common Search Space (CSS), separate from the legacy type1-PDCCH CSS, or on a UE-specific Search Space (USS)
Observation 2	If a new CSS is defined to carry scheduling grants for subsequent transmission scrambled by C-RNTI:
- Standardization effort is required for RAN1
- Legacy UE performance might be affected depending on RAN1 decisions on CORESET mapping
- No additional traffic on Type1-PDCCH CSS
- The RRC configuration is simplified and limited to System Information
Observation 3	If a USS is used to carry scheduling grants for subsequent transmissions scrambled by C-RNTI:
- Limited standardization effort required for RAN2
- Type1-CSS must be used in case a USS is not configured. As a consequence, there is a limited performance degradation for legacy UEs (e.g.: after a cell reselection)
- gNB should configure the USS while the UE is in RRC_CONNECTED or at the end of an SDT procedure (in RRCRelease)
Observation 4	Sending the contention resolution ID after Msg3 in 4-step RACH SDT, reduces the usefulness of sending multiple subsequent transmissions with respect to what presented in a previous contribution [3].

Based on the discussion in the previous sections we propose the following:
Proposal 1	Discuss whether to define a new CSS or use USS to schedule PDCCH scrambled by C-RNTI for subsequent packet transmission based on Observations 2 and 3.
Proposal 2	Contention Resolution ID is sent (4-step RACH) in a DL transmission immediately after Msg3 (this transmission, differently from the legacy Msg4 will not contain DL RRC messages), or (2-step RACH) in MsgB.
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