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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Remaining issues related to RACH procedures are discussed in this contribution and the corresponding Text Proposal is proposed based on the latest specification [1-4].
[bookmark: _Ref129681832]RACH configuration for handover
In RAN1#94, one remaining issue on RACH configuration for handover to avoid PBCH reading of target cell was discussed. Table 1 summarized the status of the offline discussion from RAN1#94.
Table 1 summary of offline discussion in RAN1#94
	                       To
  From        
	b3GHz
	3to6GHz
	a6GHz

	
	FDD
	TDD
	TDD
	TDD

	b3GHz
	FDD
	   +/- 5ms  
	   +/- 5ms 
 (frame boundary obtained using PBCH DMRS)   
	   +/- 5ms 
(frame boundary obtained using CSI-RS ,if configured for target cell)   
	   For SFN, +/- 5ms (frame boudnary information)
How to obtain SSB index?? 

	
	TDD
	   +/- 5ms
	. In same frequency layer: synchronized  
. In different frequency layer: +/- 5ms 
	   +/- 2.5ms
	   For SFN, +/- 2.5ms (frame boudnary information)
How to obtain SSB index?? 

	3to6GHz
	TDD
	   +/- 5ms


	   +/- 5ms  
	. In same frequency layer: synchronized  
. In different frequency layer: +/- 2.5ms 
	   For SFN, +/- 2.5ms (frame boudnary information)
How to obtain SSB index?? 

	a6GHz
	TDD
	   +/- 5ms
	   +/- 5ms  
	  +/- 2.5ms
	. In same frequency layer: synchronized  
. In different frequency layer: 
1) If success of PBCH decoding of certain a cell can be garantee, synchronized
2) Timing infomration of target cell could be obtained by PBCH decoding after HO


Our views are: 
1) For intra frequency handover and unpaired spectrum, there is no need to specify any conditions on RACH configuration for handover, as network is assumed to be synchronized for unpaired spectrum within same frequency layer. 
2) For inter frequency handover and unpaired spectrum and target cell uses L = 4, UE may for handover purpose assume an absolute value of the relative time difference between radio frame i in the current cell and the target cell is less than 5ms, as time index and half frame indication can be obtained from PBCH-DMRS.
3) For inter frequency handover and unpaired spectrum and target cell uses L = 8, UE may for handover purpose assume an absolute value of the relative time difference between radio frame i in the current cell and the target cell is less than 2.5ms, without reading PBCH of target cell to obtain half frame indication.
4) For inter frequency handover from serving cell in paired spectrum to target cell in unpaired spectrum uses L = 4, UE may for handover purpose assume an absolute value of the relative time difference between radio frame i in the current cell and the target cell is less than 5ms, as time index and half frame indication can be obtained from PBCH-DMRS.
5) For inter frequency handover from serving cell in paired spectrum to target cell in unpaired spectrum uses L = 8, two options can be assumed:
a) UE may for handover purpose assume an absolute value of the relative time difference between radio frame i in the current cell and the target cell is less than 2.5ms, without reading PBCH of target cell to obtain half frame indication.
b) UE may for handover purpose assume an absolute value of the relative time difference between radio frame i in the current cell and the target cell is less than 5ms, and using CSI-RS to obtain frame boundary, if configured for target cell.
We slightly prefer option b) to assume loose timing requirement to network.
6) For inter frequency handover and target cell in unpaired spectrum uses L = 64, there is no need to specify any conditions on RACH configuration for handover, as UE need to read PBCH of target cell to obtain time index and half frame indication.
Therefore, we propose the TP in Appendix A.
Proposal 1: Adopt the text proposal in Appendix A. 

Ordering of RACH occasions for CSI-RS based RACH
Another remaining issue of RAN1#94 was the ordering of RACH Occasions for CSI-RS based RACH. As referred in the following table, in the latest TS 38.213, it is specified regarding the order of valid RACH occasions associated with SSBs. 
	SS/PBCH block indexes are mapped to valid PRACH occasions in the following order where the parameters are described in [TS 38.211].
-	First, in increasing order of preamble indexes within a single PRACH occasion
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	Fourth, in increasing order of indexes for PRACH slots



For handover case, the UE may be configured with CSI-RS based RACH for handover. As shown in the following table, according to the latest TS 38.331, the IE CFRA-CSIRS-Resource is used to configure a list of RACH occasions associated with a given CSI-RS.  An integer from 0 to 511 is used to indicate the RACH occasions. However, in RAN1 specification, we have not defined the indexing of RACH occasions when CSI-RS based RACH is used.
	[bookmark: _Hlk515480822]RACH-ConfigDedicated ::=		SEQUENCE {
	cfra							CFRA																	OPTIONAL,	-- Need N 
	ra-Prioritization				RA-Prioritization																OPTIONAL,	-- Need N
	...
}

CFRA ::=	 				SEQUENCE {
	occasions						SEQUENCE {
		rach-ConfigGeneric				RACH-ConfigGeneric,
[bookmark: _Hlk512344749]		ssb-perRACH-Occasion			ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}	OPTIONAL	-- Cond SSB-CFRA
	}																												OPTIONAL,	-- Need S
	resources						CHOICE {
		ssb								SEQUENCE {
			ssb-ResourceList				SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
			ra-ssb-OccasionMaskIndex		INTEGER (0..15)
		},
		csirs							SEQUENCE {
			csirs-ResourceList				SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
			rsrp-ThresholdCSI-RS			RSRP-Range
		}
	},
	...
}

CFRA-SSB-Resource ::= 			SEQUENCE {
	ssb								SSB-Index,
	ra-PreambleIndex				INTEGER (0..63),
	...
}

CFRA-CSIRS-Resource ::= 		SEQUENCE {
	csi-RS							CSI-RS-Index,
	ra-OccasionList					SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1),
	ra-PreambleIndex				INTEGER (0..63),	
	...
}
……skip the unrelated part……
maxRA-OccasionsPerCSIRS					INTEGER ::= 64			-- Maximum number of RA occasions for one CSI-RS
maxRA-Occasions-1						INTEGER ::=	511			-- Maximum number of RA occasions in the system



The same principle on the ordering of RACH occasion for SSB to valid RO association could be reused, and the indexing of RACH occasions needs to be defined. Considering the association period is introduced for mapping SSB to valid ROs as shown following. It would be easier to index all the valid RACH occasions in each association period and use the definition of the index to indicate the RACH occasions for CSI-RS based RACH. 
	


An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that  SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains  from the value of higher layer parameter ssb-PositionsInBurst in SystemInformationBlockType1 and/or in ServingCellConfigCommon. If after an integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions that are not mapped to  SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions. An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions


Also, it can be observed that the maximum number for the RO index associated with CSI-RS is 511, which means there could be 512 RACH occasions can be indexed. In an association period, the maximum number of valid ROs is 64 * 8, where 64 corresponds to the maximum number SSB is 64 and maximum 8 ROs per SSB. This indexing method matches the value range of the RAN2 parameter. It is proposed to use the indexing of ROs within the association period for the indication of the ROs associated with a given CSI-RS in the higher layer parameter ra-Occasions-list in the configured CFRA-CSIRS-Resource.
Proposal 2: It is proposed to use the indexing of ROs within the association period for the indication of the ROs associated with a given CSI-RS in the higher layer parameter ra-OccasionsList in the configured CFRA-CSIRS-Resource. Adopt the TP in Appendix B.
Clarification on PRACH power control 
Clarification on PRACH power control for initial DL BWP
In the current specification, [image: ] is a pathloss for the active UL BWP [image: ] of carrier [image: ] based on the DL RS associated with the PRACH transmission on the active DL BWP of serving cell [image: ]. However, if the active DL BWP is the initial DL BWP and for SS/PBCH block and control resource set multiplexing pattern 2 or 3, as described in Subclause 13, the UE is expected to calculate the pathloss based on the associated SS/PBCH block with the PRACH transmission. In this case, the SS/PBCH block is not on the active DL BWP. Therefore, the pathloss of PRACH power control should be further specified for the initial DL BWP and SS/PBCH block and control resource set multiplexing pattern 2 or 3. Details can be found the corresponding TP in Appendix C.
Proposal 3: Adopt the text proposal in Appendix C.
Clarification on CSI-RS based PRACH power ramping 
A UE may be configured with CSI-RS based RACH for handover. In R1-1810071, RAN2 asks RAN1’s view on handling PRACH transmission power ramping for the following cases, which are not specified in TS 38.321.
(C) the CSI-RS is selected and the CSI-RS is same as the last RA preamble transmission.
(D) the CSI-RS is selected but the CSI-RS is not same as the last RA preamble transmission.
(E) the SSB is selected but the CSI-RS was selected in the last RA preamble transmission.
(F) the CSI-RS is selected but the SSB was selected in the last RA preamble transmission.
Our view is that the CSI-RS based PRACH retransmission should follow the same principle on PRACH power ramping as that for SSB based PRACH retransmission. Hence we propose to adopt the CR in R1-1810071(R2-1813493) [5]. 
Proposal 4: Adopt the text proposal of the CR in R1-1810071(R2-1813493).
Clarification on sub-carrier spacing used for RA-RNTI calculation 
In TS 38.321, it is specified regarding the RA-RNTI calculation as following. It can be seen that the s_id and t_id is used for the calculation of RA-RNTI. However, it is not specified which subcarrier spacing is assumed to determine the s_id and t_id, especially for long sequence based PRACH.
	The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < 80), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for NUL carrier, and 1 for SUL carrier).



Therefore, it is proposed to clarify the subcarrier spacing assumed for RA-RNTI calculation. A TP in Appendix D is proposed.
Proposal 5: Adopt the TP in Appendix D.
Conclusions
Remaining issues on PRACH transmission and RACH procedure in Rel-15 are discussed in the contribution. The following proposals are proposed to correct and clarify essential issue in the specifications. Corresponding TPs are 
Proposal 1: Adopt the text proposal in Appendix A. 
Proposal 2: It is proposed to use the indexing of ROs within the association period for the indication of the ROs associated with a given CSI-RS in the higher layer parameter ra-OccasionsList in the configured CFRA-CSIRS-Resource. Adopt the TP in Appendix B.
Proposal 3: Adopt the text proposal in Appendix C.
Proposal 4: Adopt the text proposal of the CR in R1-1810071(R2-1813493).
Proposal 5: Adopt the TP in Appendix D.
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Appendix A: TP of RACH configuration for handover (TS 38.211, f30)

-------------- Start of Text proposal for 38.211 ---------------------------
[bookmark: _Toc516767307]6.3.3.2	Mapping to physical resources
The preamble sequence shall be mapped to physical resources according to





where  is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213], and  is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the parameters in Table 6.3.3.1-1 or Table 6.3.3.1-2 with  given by Table 6.3.3.2-1.
Random access preambles can only be transmitted in the time resources given by the higher-layer parameter prach-ConfigurationIndex according to Tables 6.3.3.2-2 to 6.3.3.2-4 and depends on FR1 or FR2 and the spectrum type as defined in [8, TS38.104]. 
[bookmark: _Hlk508280483]Random access preambles can only be transmitted in the frequency resources given by the higher-layer parameter msg1-FrequencyStart. The PRACH frequency resources , where  equals the higher-layer parameter msg1-FDM, are numbered in increasing order within the initial active uplink bandwidth part during initial access, starting from the lowest frequency. Otherwise,  are numbered in increasing order within the active uplink bandwidth part, starting from the lowest frequency.
For the purpose of slot numbering in the tables, the following subcarrier spacing shall be assumed:
-	15 kHz for FR1
-	60 kHz for FR2.
For handover purposes within the same frequency range in paired spectrum with , the UE may assume the absolute value of the time difference between radio frame  in the current cell and radio frame  in the target cell is less than  if any of the following conditions are fulfilled:
-	the entries in Tables 6.3.3.2-2 and 6.3.3.2-3 where 
-	the entries in Tables 6.3.3.2-2 and 6.3.3.2-3 where  and and the association period in Table 8.1-1 of [38.213] is not equal to 1
For inter frequency handover purposes to target cell in unpaired spectrum uses , the UE may assume the absolute value of the time difference between radio frame  in the current cell and radio frame  in the target cell is less than  if any of the following conditions are fulfilled:
-	the entries in Tables 6.3.3.2-2 and 6.3.3.2-3 where 
-	the entries in Tables 6.3.3.2-2 and 6.3.3.2-3 where  and and the association period in Table 8.1-1 of [38.213] is not equal to 1
For inter frequency handover purposes in unpaired spectrum with target cell uses , the UE may assume the absolute value of the time difference between radio frame  in the current cell and radio frame  in the target cell is less than  if any of the following conditions are fulfilled:
-	the entries in Tables 6.3.3.2-2 and 6.3.3.2-3 where 
-	the entries in Tables 6.3.3.2-2 and 6.3.3.2-3 where  and and the association period in Table 8.1-1 of [38.213] is not equal to 1
For inter frequency handover from serving cell in paired spectrum to target cell configured with CSI-RS in unpaired spectrum uses , the UE may assume the absolute value of the time difference between radio frame  in the current cell and radio frame  in the target cell is less than  if any of the following conditions are fulfilled:
-	the entries in Tables 6.3.3.2-2 and 6.3.3.2-3 where 
-	the entries in Tables 6.3.3.2-2 and 6.3.3.2-3 where  and and the association period in Table 8.1-1 of [38.213] is not equal to 1
-------------- End of Text proposal for 38.211 ---------------------------

Appendix B: TP of indexing of ROs for CSI-RS based RACH (TS 38.213 f30)
------------------------------------------ Start of Text Proposal ----------------------------------------------
[bookmark: _Ref491452917][bookmark: _Toc517265048]8.1	Random access preamble
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 PRACH is transmitted using the selected PRACH format with transmission power , as described in Subclause 7.4, on the indicated PRACH resource.













A UE is provided a number [image: ] of SS/PBCH blocks associated with one PRACH occasion and a number  of contention based preambles per SS/PBCH block per valid PRACH occasion by higher layer parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB. If , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index 0. If ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index  where  is provided by higher layer parameter totalNumberOfRA-Preambles and is an integer multiple of . SS/PBCH block indexes are mapped to valid PRACH occasions in the following order where the parameters are described in [4, TS 38.211].
-	First, in increasing order of preamble indexes within a single PRACH occasion
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	Fourth, in increasing order of indexes for PRACH slots



An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that  SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains  from the value of higher layer parameter ssb-PositionsInBurst in SystemInformationBlockType1 and/or in ServingCellConfigCommon. If after an integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions that are not mapped to  SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions. An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions.
For a PRACH transmission triggered by a PDCCH order, the PRACH mask index field [5, TS 38.212], if the value of the Random Access Preamble index field is not zero, indicates the PRACH occasion for the PRACH transmission where the PRACH occasions are associated with the SS/PBCH block index indicated by the SS/PBCH block index field of the PDCCH order. The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. 
For the indicated preamble index, the ordering of the PRACH occasions is
-	First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	Third, in increasing order of indexes for PRACH slots
For a PRACH transmission triggered by higher layer, the ra-OccasionList [x, TS 38.331], if the value of the Random Access Preamble index field is not zero, indicates the list of PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the CSI-RS index indicated by csi-RS field of the higher layer signaling. The indexing of the PRACH occasions indicated by the ra-OccasionList is reset per association period and for the indicated preamble index, the ordering of the PRACH occasions is
-	First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	   Third, in increasing order of indexes for PRACH slots
-------------------------------------------- End of Text Proposal ---------------------------------------------

Appendix C: PRACH power control for initial DL BWP (TS 38.213 v.f30)
------------------------------------------ Start of Text Proposal ----------------------------------------------
7.4   Physical random access channel
A UE determines a transmission power for a physical random access channel (PRACH), [image: ], on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] based on DL RS for serving cell [image: ] in transmission occasion [image: ] as 
                                           [image: ] [dBm],
where [image: ] is the configured UE transmission power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for carrier [image: ] of serving cell [image: ] within transmission occasion [image: ], [image: ] is the PRACH target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and [image: ] is a pathloss for the active UL BWP [image: ] of carrier [image: ] based on the DL RS associated with the PRACH transmission on the active DL BWP of serving cell [image: ] and calculated by the UE in dB as referenceSignalPower – higher layer filtered RSRP, where RSRP is defined in [7, TS 38.215] and the higher layer filter configuration is defined in [12, TS 38.331]. If the active DL BWP is the initial DL BWP and for SS/PBCH block and control resource set multiplexing pattern 2 or 3, as described in Subclause 13, [image: ] is a pathloss for the active UL BWP [image: ] of carrier [image: ]based on the associated SS/PBCH block with the PRACH transmission.
-------------------------------------------- End of Text Proposal ---------------------------------------------

Appendix D: Clarification on subcarrier spacing used for RA-RNTI determination (TS 38.213 v.f30)
------------------------------------------ Start of Text Proposal ----------------------------------------------
[bookmark: _Ref491444649][bookmark: _Ref491451289][bookmark: _Ref491451291][bookmark: _Ref491451292][bookmark: _Ref491451293][bookmark: _Ref491451294][bookmark: _Ref491451297][bookmark: _Ref491458133][bookmark: _Toc517265049]8.2	Random access response
[bookmark: _Hlk505324461]In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a window controlled by higher layers [11, TS 38.321] , where RA-RNTI is determined according to [TS 38.321] based on 15kHz subcarrier spacing when [image: ], otherwise based on subcarrier spacing of the PRACH transmission when [image: ]. The window starts at the first symbol of the earliest control resource set the UE is configured to receive PDCCH for Type1-PDCCH common search space, as defined in Subclause 10.1, that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the subcarrier spacing for Type1-PDCCH common search space as defined in Subclause 10.1. The length of the window in number of slots, based on the subcarrier spacing for Type1-PDCCH common search space, is provided by higher layer parameter ra-ResponseWindow. 
-------------------------------------------- End of Text Proposal ---------------------------------------------
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