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Introduction
In this contribution, we provide our views on remaining issue of PRACH coverage enhancements and propose associated text proposals to rectify missing or incorrectly captured agreements.
[bookmark: _Ref494215420]Discussion
Issue related to the ordering of the ROs
Reason for change:
During the RAN1#114 meeting[1], we have an agreement on how to determine the starting RO of other RO groups, i.e., increasing the order of frequency resource indexes firstly, and then increasing the order of time resource indexes. It is applied for both Alt.1 and Alt.2 for the starting RO determination, irrespective of whether “TimeOffsetBetweenStartingRO” is provided or not. However, the following text in the draft CR seems to just apply for the case of when “TimeOffsetBetweenStartingRO” is not provided[2].
	Agreement
Add the following notes to the above agreement:
Note1: “the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.” is illustrated as in the following figure (N=2, for ROs associated with SSB#0). This works for both Alt.1 and Alt.2 for the starting RO determination.
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	For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions
-	otherwise,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	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 



Summary of change:
The part below can be modified shading by yellow.
	For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	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
-	otherwise,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	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 



Consequences if not approved:
It may be understood as first completing the determination of all RO groups in the time domain within each frequency resource index, and then increase order of frequency resource indexes for frequency multiplexed PRACH occasions, which is different from current agreement where RO groups should be determined in frequency domain first in a time instance.

Proposal 1: Adopt the following TP for TS 38.213 on section 8.1.
	Text proposal
	------------------------Start of Text Proposal----------------------------------
8.1	Random access preamble
/**************** Unchanged parts omitted****************/
For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	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
-	otherwise,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	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
/**************** Unchanged parts omitted*****************/
------------------------ End of Text Proposal ---------------------------------



Issue related to ROs in the RO group less than the configured number
Reason for change:
During the RAN1#112-b meeting[1], we have an agreement on the number of valid ROs in the RO group, which is equal to one of the configured number(s) of multiple PRACH transmissions. However, the current text in the draft CR is not preclude the case that the number of valid RO in the RO group less than the configured number of multiple PRACH transmissions. For instance, if there are some valid orphan RO can not form an RO group, these ROs are not used for multiple PRACH transmissions.
	Agreement
· Multiple PRACH transmissions within one RACH attempt are only performed within one RO group.
· The number of valid ROs in the RO group is equal to one of the configured number(s) of multiple PRACH transmissions.
· Note1: If only one value is configured for multiple PRACH transmissions, then the number of valid ROs in the RO group is equal to this value.
· Note2: If multiple values are configured for multiple PRACH transmissions, for each value, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions.
· Note 3: Valid RO(s) refers to what is defined in existing specification.



Taking Figure 1 as an example, assuming that the configured number of multiple PRACH transmission is 2 and there are 5 valid ROs in one time period. According to the agreement achieved in the RAN1#112-b meeting, there are two RO groups and one valid orphan RO in one time period, as shown in Figure 1. However, according to the current text, there are 3 starting RO can be found in one time period, even though there is no consecutive RO with same frequency resources for the last starting RO, i.e., RO5.


This issue is irrespective of whether TimeOffsetBetweenStartingRO is provided or not. And this issue also does not include the case that the number of valid RO in RO group less than the configure number due to collision. This issue may related to the factor on SSB-to-RO mapping, the relationship between the configured number for the multiple PRACH transmission and the total valid RO in one time period, and so on. So we think we should make it clear for the case of ROs in the RO group less than the configured number occurs.

Summary of change:
	[bookmark: OLE_LINK13]38.213,  8.1	Random access preamble
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]/************************ Omitted**************************/
If after an integer number of  preamble repetitions within a time period there is a set of PRACH occasions that are not determined to the configured  number of preamble repetitions, no  preamble repetitions are determined within the set of PRACH occasions.



Consequences if not approved:
The current text in the draft CR is not preclude the case that the number of valid RO in the RO group less than the configured number of multiple PRACH transmissions.
Proposal 2: Adopt the following TP for TS 38.213 on section 8.1.
	TP
	38.213,  8.1	Random access preamble
/************************ Omitted**************************/
For a PRACH transmission with  preamble repetitions, all respective valid PRACH occasions are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index.
For a PRACH transmission with  preamble repetitions, a time period, starting from frame 0, is the smallest integer number of SS/PBCH block to PRACH occasion association pattern periods such that  SS/PBCH block indexes are mapped at least once to  PRACH occasions within the time period for each configured  number of preamble repetitions.  The set of PRACH occasions for a PRACH transmission repeats every time period. If after an integer number of  preamble repetitions within a time period there is a set of PRACH occasions that are not determined to the configured  number of preamble repetitions, no  preamble repetitions are determined within the set of PRACH occasions.
For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
/************************ Omitted**************************/



Issue related to the value of the TimeOffsetBetweenStartingRO
During the last meeting, an agreement related to the time offset between starting RO was achieved. 
	Agreement
For a given number of N multiple PRACH transmissions, to determine the starting RO of all the RO groups within a time period X:
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then 
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.


However, in the RRC parameter discussion, the range value of the TimeOffsetBetweenStartingRO have not discussed [3], the RRC parameter of TimeOffsetBetweenStartingRO-r18 is list in the Appendix.
From our point of view, the parameter of TimeOffsetBetweenStartingRO should have a default value, that is 0, which is equal to the case where this parameter is not configured. 
Moreover, the value also need to ensure that there are sufficient RO groups within a time period to reduce the ratio of random access failure. In addition, to decrease the implementation of gNB complexity and avoid that gNB would have to test all possible time offset(s) within a time period, the value of this parameter should have a limited range. For example, the range value of A1 is less than the valid RO of the RO group.
[bookmark: _GoBack]Proposal 3: If a time offset is configured, the default value is 0. In addition, the range value of TimeOffsetBetweenStartingRO-r18 with A1 is less than the valid RO of the RO group.

Remaining issue on whether the ROs can be shared between different RO groups for different numbers of multiple PRACH transmissions 
During the past RAN1 meetings, it was discussed whether ROs can be shared between different RO groups for different numbers of multiple PRACH transmissions. From our perspective, this issue is related to RAN2’s discussion on whether different numbers of multiple PRACH transmissions are treated as a single feature or separate feature. In RAN2 #123 meeting, the following agreement was achieved.
	[bookmark: OLE_LINK14]Agreements
· Regarding the framework for Msg1 repetition and whether to support fallback from lower number to higher number, Fallback is supported. All repetitions are treated as a single feature, but within the feature, different repetition numbers are treated as different RACH type. 


From our perspective, ROs can be shared between different RO groups for different numbers of multiple PRACH transmissions, while separate preambles are used to differentiate the PRACH transmissions over different RO groups. As shown in Figure 2, assume multiple values of {2, 4, 8} are configured for multiple PRACH transmissions, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions. Square with different color are used to represent different RO groups for each of the configured number. Specifically, square with green color are used to represent the RO groups with the configured number {2}. Square with blue color are used to represent the RO groups with the configured number {4}. Square with orange color are used to represent the RO groups with the configured number {8}.The Preamble indices in the Figure 2 are just an example. 


Figure 2. An example of ROs sharing between different numbers of RO groups 

Proposal 4: If RO(s) is shared between RO groups for different numbers of multiple PRACH transmissions, separate preambles are utilized for differentiation. 

Remaining issue on rules causing to drop PRACH transmissions
With respect to the rules causing to drop PRACH transmissions, an agreement was achieved in RAN1#113 meeting [4].
	Agreement:
If one or more PRACH transmission(s) of the multiple PRACH transmissions in one PRACH attempt are dropped based on the rules causing to drop PRACH transmission(s) in existing spec., the dropped PRACH transmission(s) is not postponed.
· FFS: whether to introduce new rules causing to drop PRACH transmission.
· FFS: whether there is standard impact if the dropped PRACH transmission affect the remaining PRACH transmission within the same RO group.


If one or more PRACH transmission(s) is dropped due to e.g., dynamic SFI or other potential collisions, UE should skip this PRACH transmission(s) and not postponed the dropped PRACH transmission(s). The dropping rules in existing spec. is enough and have no ambiguity for multiple PRACH transmission(s). It is not necessary to introduce new rules causing to drop PRACH transmission. In other words, no additional rules causing to drop PRACH transmission is needed.
In addition, as point by some companies, it may have standard impact if the dropped PRACH transmission affect the remaining PRACH transmission within the same RO group. However, the motivation and spec. impact on dropped PRACH impacts the adjacent ROs in same RO group is not clear too. If the DL reception and/or the adjacent Rx-Tx period leads to one or more dropped PRACH transmission(s) affect partial or all of remaining PRACH transmission within the same RO group, the PRACH transmission(s) in the affected RO(s) are dropped, UE continue to transmit the remaining PRACH in unaffected ROs in one PRACH attempt.
Proposal 5: No additional optimize is needed. Current mechanism is workable and no ambiguity for multiple PRACH transmission(s).

Conclusion
In this contribution, we discuss PRACH coverage enhancements. The following proposals are achieved:
Proposal 1: Adopt the following TP for TS 38.213 on section 8.1.
	Text proposal
	------------------------Start of Text Proposal----------------------------------
8.1	Random access preamble
/**************** Unchanged parts omitted****************/
For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	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
-	otherwise,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	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
/**************** Unchanged parts omitted*****************/
------------------------ End of Text Proposal ---------------------------------



Proposal 2: Adopt the following TP for TS 38.213 on section 8.1.
	TP
	38.213,  8.1	Random access preamble
/************************ Omitted**************************/
For a PRACH transmission with  preamble repetitions, all respective valid PRACH occasions are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index.
For a PRACH transmission with  preamble repetitions, a time period, starting from frame 0, is the smallest integer number of SS/PBCH block to PRACH occasion association pattern periods such that  SS/PBCH block indexes are mapped at least once to  PRACH occasions within the time period for each configured  number of preamble repetitions.  The set of PRACH occasions for a PRACH transmission repeats every time period. If after an integer number of  preamble repetitions within a time period there is a set of PRACH occasions that are not determined to the configured  number of preamble repetitions, no  preamble repetitions are determined within the set of PRACH occasions.
For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
/************************ Omitted**************************/



Proposal 3: If a time offset is configured, the default value is 0. Otherwise, the range value of A1 is less than the valid RO of the RO group.
Proposal 4: If RO(s) is shared between RO groups for different numbers of multiple PRACH transmissions, separate preambles are utilized for differentiation. 
Proposal 5: No additional optimize is needed. Current mechanism is workable and no ambiguity for multiple PRACH transmission(s).
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Appendix
Draft higher layer parameter list:
	WI code
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parent IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	Required for initial access or IDLE/INACTIVE
	Specification
	Comment
	Status

	NR_cov_enh2
	multiple PRACH transmsissions
	　
	　
	　
	　
	NumberOfMsg1-Repetitions-r18
	new
	　
	The number of repetitions for PRACH transmissions [with the same Tx beam].
	 {2,  4,  8}
	　
	　
	Cell-specific
	38.331
	Agreement (RAN1#112)
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
• If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
• FFS: details

Agreement (RAN1#112)
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.
	stable

	NR_cov_enh2
	multiple PRACH transmsissions
	　
	　
	　
	　
	rsrp-ThresholdSSBMsg1
	new
	　
	This parameter indicates the RSRP threshold for performing Msg1 repetitions associated with the number of Msg1 repetitions indicated by corresponding NumberOfMsg1-Repetitions-r18.
	RSRP-Range
	　
	　
	Cell-specific
	38.331
	Agreement (RAN1 #111)
• For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.
o Note: whether to support multiple numbers of PRACH transmissions is separately discussed.
	stable

	NR_cov_enh2
	multiple PRACH transmsissions
	　
	　
	　
	　
	TimeOffsetBetweenStartingRO-r18
	new
	　
	If this parameter is configured for a given number of N multiple PRACH transmissions, it is used to configure the time offset of the starting ROs between two successive RO groups for each frequency resource index within a time period X.
If this parameter is not configured for a given number of N multiple PRACH transmissions, the starting RO of RO groups are implicitly determined according to TS 38.213.
	　
	　
	　
	Cell-specific
	38.331
	Agreement (RAN1 #114)
For a given number of N multiple PRACH transmissions, to determine the starting RO of all the RO groups within a time period X:
‐ If a time offset is configured, then
Ø the starting RO of the first RO group for each   is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
Ø the starting RO of the n-th RO group for each   is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same  .
‐ If time offset is not configured, then 
Ø the starting RO of the first RO group is the first valid RO within the time period X.
Ø the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
	stable




Microsoft_Visio___.vsdx
RO1
RO2
RO3
RO4
RO5
2 RO group
Orphan RO
Time period
Figure 1. Example with 2 PRACH repetitions



image3.emf
SSB0

SSB0

SSB0

SSB0

SSB0

SSB0

SSB0

SSB0

 

RO group for 8 PRACH 

repetitions

 

Preamble index with #20-29

RO#1

RO#2 RO#3

RO#4

RO#5

RO#6 RO#7

RO#8

 

RO group for 2 PRACH 

repetitions

 

Preamble index with #0-9

 

RO group for 4 PRACH 

repetitions

 

Preamble index with #10-19

ROs for multiple PRACH repetitions

SSB0

RO(s) associate with SSB0


Microsoft_Visio___1.vsdx
SSB0
SSB0
SSB0
SSB0
SSB0
SSB0
SSB0
SSB0
RO group for 8 PRACH repetitions
Preamble index with #20-29
RO#1
RO#2
RO#3
RO#4
RO#5
RO#6
RO#7
RO#8
RO group for 2 PRACH repetitions
Preamble index with #0-9
RO group for 4 PRACH repetitions
Preamble index with #10-19
ROs for multiple PRACH repetitions
SSB0
RO(s) associate with SSB0



image1.png
Frequency

domain
A
, -~ ~ ) -
v/
\ - \ N
-
2" starting 2" RO o
RO group
starting RO
=~ ~ -
/ ) Vi
\ _ \ N
st . /l st
17 starting 3
RO RO group
starting RO Time

domain




image2.emf
RO1 RO2 RO3 RO4 RO5

2 RO group Orphan RO

Time period

Figure 1. Example with 2 PRACH repetitions


