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1 Introduction
During RAN1#92bis [1], the following agreements were made to clarify configuration of different types of common search spaces. Further, RAN1 made the following observations regarding NR Msg3 sizes based on the link level simulation results of [2], and provided the reply LS to RAN2 [3].   
Agreements:
· Following is to be clarified in 213:

· Type0-CSS is configured by RMSI-PDCCH-Config provided by MIB or is configured by searchSpace-SIB1 provided by PDCCH-ConfigCommon
· Type0A-CSS is configured by searchSpace-OSI provided by PDCCH-ConfigCommon
· Type1-CSS is configured by ra-SearchSpace provided by PDCCH-ConfigCommon
· Type2-CSS is configured by pagingSearchSpace provided by PDCCH-ConfigCommon
· Type3-CSS is configured by a SearchSpace with the searchSpaceType “common” provided by PDCCH-Config
Observations in [3] 
· Assuming the same TB size of 56 bits and under the same conditions of SCS, number of PRBs, number of symbols, MCS index, frequency hopping, etc, NR and LTE offer almost comparable BLER performances. The differences in required Es/N0 for achieving BLER = 0.1 is not more than 0.3dB under the TDL-C channel model for the evaluated cases.
· For NR PUSCH, based on existing RAN1 evaluations, TB size of 72 bits leads to more than 0.6dB increase of required Es/N0 compared to TB size of 56 bits under the same condition in various evaluation environments.

· Msg.3 TB size larger than 56 bits for NR has a risk of reducing the coverage of Msg.3 PUSCH compared to LTE Msg.3 PUSCH.
In response to RAN1 LS [3], RAN2 further asks whether RAN1 can consider support of MSG3 sizes as follow [4]:

· RRC Connection Request: 56 bits 
· RRC Connection Resume Request: 72 bits. 
In this document, we discuss PDCCH search spaces for DL assignments of Msg2/4 and UL grants for Msg3 re-transmission, reception of Msg2 when multiple SS/PBCH blocks (SSBs) and/or CSI-RS resources are associated with one RACH occasion, and support of Msg3 size larger than 56 bits. 
2 Search spaces for Msg2/3/4 

According to the latest endorsed CR for TS38.213 [5], a search space for Msg2/3/4, i.e. Type1-PDCCH common search space, is same as the search space of SystemInformationBlockType1 (SIB1), i.e. Type0-PDCCH common search space, if not configured separately via the RRC parameter ‘ra-SearchSpace’.
While SI and paging messages are transmitted within configured and periodically occurring time windows and do not require HARQ-ACK feedback from a UE, Msg2 reception, Msg3 transmission, and Msg4 reception are performed by a few UEs, which transmitted a PRACH preamble on the same RACH occasion, and their transmission and reception timings vary depending on the selected RACH occasion and HARQ-ACK feedback (note that Msg3 PUSCH and Msg4 PDSCH are transmitted and received by the UEs which transmitted the same PRACH preamble on the same RACH occasion). More specifically, Msg2 reception is bounded within a random access response (RAR) window, wherein the RAR window length is less than or equal to 10 ms [6] and starts at least 
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 symbols after the last symbol of the preamble sequence transmission [5], where  is defined in TS 38.133. Thus, the RAR window may not include a PDCCH monitoring occasion for SS/PBCH block i based on the Type0-PDCCH common search space configured by MIB, where the SS/PBCH block i is selected by the UE for the PRACH preamble transmission. 
One way to solve this issue without increasing UE’s PDCCH monitoring complexity and with efficient re-use of the common control resource set (CORESET) configured for SI and paging delivery is that a UE monitors a separately configured RACH search space within the RAR window, only if the RAR window does not include any PDCCH monitoring occasion for the selected SS/PBCH block i based on the Type0-PDCCH common search space. This would ease gNB’s burden to select a proper combination of a SSB transmission pattern, a PRACH configuration, a TDD UL/DL slot configuration, and the RAR window length, and also allow gNB to efficiently pack multiple common PDCCHs within the common CORESET. 
The RRC parameter ‘ra-SearchSpace’ can indicate one or more starting OFDM symbols corresponding to one or more search spaces within a slot, wherein each search space within the slot is associated with a different SS/PBCH block (or a CSI-RS resource) and one or more SS/PBCH blocks (or CSI-RS resources) can be associated with one search space of the slot. Further, the RRC parameter ‘ra-SearchSpace’ can indicate a slot(s) within a frame and a frame(s) where monitoring occasions occur. One or more slots within the frame can be configured for monitoring occasions of a given SS/PBCH block (or CSI-RS resource).   
gNB can configure an additional RACH search space via the RRC parameter ‘ra-SearchSpace’, if the Type0-PDCCH common search space is configured with a long periodicity (e.g. 80ms) and/or if a CSI-RS resource based dedicated RACH configuration is indicated to UE(s). Further, gNB can indicate in a RAR message that UE has to monitor PDCCH carrying a UL grant for Msg3 re-transmission and PDCCH carrying a DL assignment for Msg4 reception either based on the Type0-PDCCH common search space (i.e. a search space for SIB1) or based on the search space configured by the separate RRC parameter ‘ra-SearchSpace’. The selection may be dependent on time instances of a given RACH occasion, a corresponding RAR window, and the actual Msg2 transmission.
Proposal 1: UE monitors a search space configured via the RRC parameter ‘ra-SearchSpace’ within a RAR window, only if the RAR window does not include any PDCCH monitoring occasion for the selected SS/PBCH block i based on the Type0-PDCCH common search space.
Proposal 2: gNB can indicate in a RAR message which search space (Type0-PDCCH common search space vs. the search space configured by the RRC parameter ‘ra-SearchSpace’) UE has to monitor for Msg3 re-transmission and Msg4 reception.

3 Msg2 reception
When more than one SSBs (or CSI-RS resources) are associated with one RACH occasion and the gNB detects multiple RACH preambles associated with different SSBs (or CSI-RS resources) in the RACH occasion, gNB may either 1) include all the detected preambles IDs and corresponding RAR messages in a single MAC PDU and perform multiple PDSCH transmissions for the same transport block (TB) with different Tx beams or 2) generate different smaller size RAR MAC PDUs based on the associated SSBs (or CSI-RS resources) and transmit each PDSCH carrying a different TB with a different Tx beam. Formation of RAR MAC PDU(s) and corresponding PDSCH transmission schemes are up to gNB implementation. From UE’s perspective, UE should not assume that RA-RNTI PDSCHs associated with different SSBs (or CSI-RS resources) have the same TB, and should not perform soft combining of RA-RNTI PDSCHs associated with different SSBs (or CSI-RS resources). 
Proposal 3: UE shall not perform soft combining of PDSCHs scrambled by the same RA-RNTI but associated with different SSBs or CSI-RS resources.
The text proposal for TS38.213 regarding the proposal 2 is provided below in red:
=============== Start of Text Proposal for 38.213, Section 8.2 ==============================
A UE receives the PDCCH with DCI format 1_0 with the CRC scrambled by the corresponding RA-RNTI and the corresponding PDSCH that includes the DL-SCH transport block with the same DM-RS antenna port quasi co-location properties, as described in [6, 38.214], as for a detected SS/PBCH block or a received CSI-RS. Further, UE shall not perform soft combining of PDSCHs scrambled by the same RA-RNTI but associated with different SS/PBCH blocks or CSI-RS resources. If the UE attempts to detect the PDCCH with the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order, the UE assumes that the PDCCH and the PDCCH order have same DM-RS antenna port quasi co-location properties.
=============== End of Text Proposal for 38.213, Section 8.2 ==============================
4 Msg3 transmission
According to RAN2 LS [4], RACH Msg3 sizes can be different for the different use cases: the RRC Connection Request message is expected to have a TBS of 56 bits by segmenting the 5G-S-TMSI between Msg3 and Msg5 and shortening the MAC header by 1byte, and the RRC Connection Resume Request message (for Inactive UEs)  to have a TBS of 72 bits. 

A simple way to support the TBS of 72 bits without reducing the NR coverage is that a coverage-limited UE performs PUSCH slot aggregation (e.g. with a PUSCH aggregation factor of 2) for Msg3 transmission. UE can determine whether to perform PUSCH slot aggregation or not based on the TBS of Msg3. To avoid unnecessary delay from PUSCH repetition, UE can perform Msg3 PUSCH slot aggregation only if the TBS is larger than 56 bits and a slot-based PUSCH transmission with RB allocation smaller than a certain value (e.g. 1 or 2 RBs allocation) is indicated.  

Since gNB is not aware (until reception of msg3) whether a contention-based random access procedure is performed by UE in RRC_IDLE/RRC_INACTIVE or RRC_CONNECTED state, a UE in RRC CONNECTED state performing a contention-based random access procedure should ignore UE-specifically and bandwidth part (BWP) specifically configured PUSCH aggregation factor (e.g. via ‘pusch-AggregationFactor’ IE) and transmit Msg3 PUSCH based on the pre-defined or cell-specifically configured aggregation factor. 
Proposal 4: NR supports Msg3 PUSCH aggregation based on the TBS of Msg3. 
Proposal 5: A UE in RRC CONNECTED state performing a contention-based random access procedure should ignore UE-specifically and BWP specifically configured PUSCH aggregation factor and transmit Msg3 PUSCH based on the pre-defined or cell-specifically configured aggregation factor.

5 Conclusion
In summary, we have the following proposals for Msg2/3/4 transmission and reception during random access procedures:
Proposal 1: UE monitors a search space configured via the RRC parameter ‘ra-SearchSpace’ within a RAR window, only if the RAR window does not include any PDCCH monitoring occasion for the selected SS/PBCH block i based on the Type0-PDCCH common search space.

Proposal 2: gNB can indicate in a RAR message which search space (Type0-PDCCH common search space vs. the search space configured by the RRC parameter ‘ra-SearchSpace’) UE has to monitor for Msg3 re-transmission and Msg4 reception.
Proposal 3: UE shall not perform soft combining of PDSCHs scrambled by the same RA-RNTI but associated with different SSBs or CSI-RS resources.
Proposal 4: NR supports Msg3 PUSCH aggregation based on the TBS of Msg3. 

Proposal 5: A UE in RRC CONNECTED state performing a contention-based random access procedure should ignore UE-specifically and BWP specifically configured PUSCH aggregation factor and transmit Msg3 PUSCH based on the pre-defined or cell-specifically configured aggregation factor.
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