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This contribution focuses on different aspects of PRACH format and procedure, including the use of 30 kHz Msg1 SCS for 5 MHz carrier BW, overlapping of Msg 2/3/4 search space with SSBs and the use of CORESET #0 for CSI-RS based RACH.
2. PRACH Format
RAN1 has agreed to support 30 kHz SCS and length 139 Zadoff Chu sequence for short preamble format based PRACH Msg1 transmission. RAN4, on the other hand, has agreed to use 505 kHz guard band for 5 MHz carrier bandwidth [1]. Hence, as shown below, RAN4 has limited the maximum transmission bandwidth to 11 RBs for the combination of 5 MHz carrier bandwidth and 30 kHz SCS [2].
[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 5.3.2-1 of 38.101: Maximum transmission bandwidth configuration NRB [2]
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135



However, PRACH Msg1 uses a length 139 sequence and this clearly occupies more BW than 11 RBs. Besides, the summation of RACH preamble bandwidth and guard band, in this scenario, becomes 5.18 MHz and this is clearly greater than the 5 MHz carrier bandwidth. 
Hence, 30 kHz SCS based PRACH Msg1 transmission should not be supported for 5 MHz carrier bandwidth. If this is supported, UE will not be able to meet out-of-band emission requirements because the available guard band would be smaller than the one defined in RAN4.
Observation 1: RAN4 has limited the maximum transmission bandwidth to 11 RBs for the combination of 5 MHz carrier bandwidth and 30 kHz SCS. 
Proposal 1: Adopt the following text proposal in section 8.1 of 38.213 (change shown in red color)
	CHANGE START



Physical random access procedure is triggered upon request of a PRACH transmission by higher layers or by a PDCCH order. A configuration by higher layers for a PRACH transmission includes the following: 
-	A configuration for PRACH transmission [4, TS 38.211]. 

-	A preamble index, a preamble subcarrier spacing, , a corresponding RA-RNTI, and a PRACH resource. 

A preamble is transmitted using the selected PRACH format with transmission power , as described in Subclause 7.4, on the indicated PRACH resource.
UE is not expected to receive a configuration for PRACH transmission where the PRACH transmission bandwidth is greater than the maximum allowed transmission bandwidth, as defined in table 5.3.2-1 of 38.101-1, for the combination of Msg1 SCS and channel bandwidth.
	CHANGE END



3. PRACH Procedure
3.1  CSI-RS RACH with CORESET 0

RAN2 sent the following LS to RAN1 before [3].
	· Actions to RAN2 LS:
1. review our agreements described in this LS and provide the feedback if any;
· Agreements 1, 2, 3, 3a, 4 in the LS
2. provide the feedback on tci-StatesPDCCH and CORESET #0 as described in this LS.
· whether tci-StatesPDCCH is ignored during the RA procedure (for BFR it seems already clear) or the tci-StatePDCCH should have been in the SearchSpace (e.g. if it is meant to be used for USS only and not for CSS). 
· whether CORESET#0 is supposed to be configurable dedicatedly with a TCI-state. 
3. confirm whether it is allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0 associated with SSBs.



This part talks about question #3.
RAN1 has already agreed that network explicitly configures UE with the search space for receiving Msg2/3/4 grants. If the CSI-RS is not QCLed with an SSB, network should configure the search spaces for receiving RAR differently between CSI-RS based RACH and SSB based RACH. Fundamentally, for CSI-RS based RACH, there should be no issue if the network sends RAR on CORESET #0. Hence, network should be allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0 associated with SSBs.
Proposal 2: Network should be allowed to configure UEs with CSI-RS based RACH and send the RAR on CORESET#0 associated with SSBs.

3.2 Msg4 Search Space for Connected Mode Contention Based Random Access

During connected mode contention based random access procedure (CBRA), UE conveys C-RNTI in Msg3 and Msg4 PDCCH is transmitted with C-RNTI [4]. Currently, PDCCH transmitted with C-RNTI cannot come in type 1 common search space, which is used to transmit transmission/retransmissions for Msg2/Msg3/Msg4. This can be seen from the following text in 38.213 [5]:

“A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a common search space set or a UE-specific search space set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	…..
-	a Type1-PDCCH common search space set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI or a TC-RNTI on the primary cell;”
This means that UE has to monitor UE specific search space to receive Msg4 in connected mode CBRA. On the other hand, network may fail to decode UE’s Msg3 transmission and may retransmit Msg3 grant in type 1 common search space. Hence, UE will have to monitor both type 1 common search space and UE specific search space to receive Msg3 retransmission grant and Msg4 transmission grant during contention resolution period. 
Observation 2:  According to current spec, PDCCH transmitted with C-RNTI cannot come in type 1 common search space, which is used to transmit transmission/retransmissions for Msg2/Msg3/Msg4.
· Hence, UE will have to monitor both type 1 common search space and UE specific search space to receive Msg3 retransmission grant and Msg4 transmission grant during contention resolution period.

Observation 3: Both LTE and Nb-IOT allow Msg4 to be transmitted with C-RNTI in common search space during connected mode contention based random access.
This is difficult for UE implementation. Besides, LTE and NB-IOT allow both common search space and user search space for decoding the DCI 0 giving contention resolution. Following text of 36.213 [7] confirms this for LTE: “If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the C-RNTI, the UE shall decode the PDCCH according to the combination defined in Table 8-3 and …
	Transmission
 mode
	DCI format
	Search Space
	Transmission scheme of PUSCH
 corresponding to PDCCH

	Mode 1
	DCI format 0
	Common and
UE specific by C-RNTI
	Single-antenna port, port 10 (see Subclause 8.0.1)



Hence, NR should support contention resolution grant to be transmitted with C-RNTI in type 1 search space. Without this, UE complexity of NR would be much worse than LTE or Nb-IOT.
That’s why, RAN1 already made a working assumption to support PDCCH with C-RNTI to be transmitted in common search space [8]

Working assumption:
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with C-RNTI is monitored in non-DRX occasions after C-RNTI is available.
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with CS-RNTI is monitored in non-DRX occasions after CS-RNTI is available.







Proposal 3: Adopt the following text proposal in section 10.1 of 38.213 (change shown in red color)
	CHANGE START



A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a common search space set or a UE-specific search space set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH common search space set configured by pdcch-ConfigSIB1 in MasterInformationBlock or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell;
-	a Type0A-PDCCH common search space set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell;
-	a Type1-PDCCH common search space set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI, C-RNTI or a TC-RNTI on the primary cell;
-	a Type2-PDCCH common search space set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary cell
	CHANGE END



3.Conclusion
Observation 1: RAN4 has limited the maximum transmission bandwidth to 11 RBs for the combination of 5 MHz carrier bandwidth and 30 kHz SCS. 
Observation 2:  According to current spec, PDCCH transmitted with C-RNTI cannot come in type 1 common search space, which is used to transmit transmission/retransmissions for Msg2/Msg3/Msg4.
· Hence, UE will have to monitor both type 1 common search space and UE specific search space to receive Msg3 retransmission grant and Msg4 transmission grant during contention resolution period.

Observation 3: Both LTE and Nb-IOT allow Msg4 to be transmitted with C-RNTI in common search space during connected mode contention based random access.
Proposal 1: Adopt the following text proposal in section 8.1 of 38.213.
	CHANGE START



Physical random access procedure is triggered upon request of a PRACH transmission by higher layers or by a PDCCH order. A configuration by higher layers for a PRACH transmission includes the following: 
-	A configuration for PRACH transmission [4, TS 38.211]. 

-	A preamble index, a preamble subcarrier spacing, , a corresponding RA-RNTI, and a PRACH resource. 

A preamble is transmitted using the selected PRACH format with transmission power , as described in Subclause 7.4, on the indicated PRACH resource.
UE is not expected to receive a configuration for PRACH transmission where the PRACH transmission bandwidth is greater than the maximum allowed transmission bandwidth, as defined in table 5.3.2-1 of 38.101-1, for the combination of Msg1 SCS and channel bandwidth.
	CHANGE END



Proposal 2: Network should be allowed to configure UEs with CSI-RS based RACH and send the RAR on CORESET#0 associated with SSBs.
Proposal 3: Adopt the following text proposal in section 10.1 of 38.213 (change shown in red color)
	CHANGE START



A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a common search space set or a UE-specific search space set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH common search space set configured by pdcch-ConfigSIB1 in MasterInformationBlock or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell;
-	a Type0A-PDCCH common search space set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell;
-	a Type1-PDCCH common search space set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI, C-RNTI or a TC-RNTI on the primary cell;
-	a Type2-PDCCH common search space set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary cell
	CHANGE END
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