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Background

This document summarizes the submitted contributions for RAN1#94 for AI 7.1.1.2, " Maintenance for Physical random access channel and procedure".
Let us focus on the essential issues!
The key issues are listed below:
· Collision between SSB and PRACH Occasion (validation of ROs in unpaired spectrum)
· RACH configuration for handover
· Text proposals for 38.211
· Corrections (editorial) to RACH configuration tables
· Correction of PRACH signal generation

Collision between SSB and PRACH Occasion (validation of ROs in unpaired spectrum)

Validation of RO(s)
Two proposals regarding validation of RO(s) have been submitted. They propose to make some updates to the current wording in 38.213, section 8.1. As can be seen from the below proposals there are some contradictions. Ericsson propose that in general for unpaired spectrum RO(s) are invalid if an RO precedes an SSB within a RACH slot, while Mediatek propose that all RO(s) are valid if a UE is not provided with the higher layer parameter tdd-UL-DL_ConfigurationCommon.

	Ericsson:
For unpaired spectrum, a PRACH occasion in a PRACH slot is invalid if it precedes a SS/PBCH block in the PRACH slot or starts less than[image: ] symbols after a last SS/PBCH block transmission symbol, where [image: ] is provided in Table 8.2-2.
If a UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, or is also provided higher layer parameter tdd-UL-DL-ConfigurationCommon2, a PRACH occasion in a PRACH slot is also invalid if 
-	it is not within UL symbols, orand 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at leastless than [image: ] symbols after a last downlink symbol and at least[image: ] symbols after a last SS/PBCH block transmission symbol, where [image: ] is provided in Table 8.2-2. 



	Mediatek
If a UE is not provided higher layer parameter tdd-UL-DL-ConfigurationCommon, all PRACH occasions are valid.  
If a UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, or is also provided higher layer parameter tdd-UL-DL-ConfigurationCommon2, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least[image: ] symbols after a last downlink symbol and at least[image: ] symbols after a last SS/PBCH block transmission symbol, where [image: ] is provided in Table 8.2-2.



Based on the above proposals we have the following alternatives. 
· Alt1: No need to update the current wording
· Supported by:
· Alt2: Add MediaTeks wording
· Supported by:
· Alt3: Use Ericsson’s proposed wording
· Supported by: 

Clarification that only valid RO(s) are used when performing the SSB-RO association
One proposal from Samsung regarding adding a note in 38.213 under table 8.1-2, the intention is to clarify that only valid RO(s) shall we used when performing the SSB-RO association. As in the current version of 38.213 section 8.1 (Random access preamble) the RO-SSB association is described before the RO validation rule. So, adding a note in the end of the section is proposed to reduce any potential misunderstandings when reading section 8.1.  

++++++++++++++++++ Text proposals for 38.213, section 8.1 ++++++++++++++
<omitted>
For preamble format B4 [4, TS 38.211], [image: ]. 
Table 8.1-2: [image: ] values for different preamble subcarrier spacing configurations [image: ]
	Preamble subcarrier spacing
	[image: ]

	1.25 kHz or 5 kHz
	0

	15 kHz or 30 kHz or 60 kHz or 120 kHz
	2


Note: only the valid RACH Occasions are used for performing SSB-RO association.
<omitted>
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
· Alt1: Adopt the text proposal from Samsung
· Alt2: No need to add the note

Related text proposals (reference only)
The proposals from the companies are added below for reference:
MediaTek:

---------------------------- Text Proposal Part-2 begins ----------------------------------------------------------------------------
Table 8.1-1: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion association period
	PRACH configuration period (msec)
	Association period (number of PRACH configuration periods)

	10
	{1, 2, 4, 8, 16}

	20
	{1, 2, 4, 8}

	40
	{1, 2, 4}

	80
	{1, 2}

	160
	{1}



If a UE is not provided higher layer parameter tdd-UL-DL-ConfigurationCommon, all PRACH occasions are valid.  
If a UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, or is also provided higher layer parameter tdd-UL-DL-ConfigurationCommon2, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least[image: ] symbols after a last downlink symbol and at least[image: ] symbols after a last SS/PBCH block transmission symbol, where [image: ] is provided in Table 8.2-2.
---------------------------- Text Proposal Part-2 ends ------------------------------------------------------------------------------- 

Ericsson:
[bookmark: _Hlk521404024]Currently, 3GPP TS 38.213 [1] specifies that a PRACH occasion colliding with an SSB is invalid only if semi-statically configured UL/DL is used (since the invalidation of PRACH occasions is in the specification text conditioned on the presence of the tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationCommon2). However, PRACH collisions with SSB should be generally prohibited whenever unpaired spectrum (TDD) is used, since in that case the TRP cannot listen to PRACH while transmitting SSB.

[bookmark: _Toc521707030]3GPP TS 38.213 V15.2.0 specifies that PRACH colliding with (or preceding) SSB is invalidated only if semi-statically configured UL/DL is used.

Proposal 1 [bookmark: _Toc521707042]PRACH occasions colliding with (or preceding) SSB should be invalid whenever unpaired spectrum (TDD) is used. To this end, the provided text proposal below for 38.213, Section 8.1, should be adopted.

------------------------------------------------ Start of TP to 38.213, Section 8.1 ----------------------------------
For unpaired spectrum, a PRACH occasion in a PRACH slot is invalid if it precedes a SS/PBCH block in the PRACH slot or starts less than[image: ] symbols after a last SS/PBCH block transmission symbol, where [image: ] is provided in Table 8.2-2.
If a UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, or is also provided higher layer parameter tdd-UL-DL-ConfigurationCommon2, a PRACH occasion in a PRACH slot is also invalid if 
-	it is not within UL symbols, orand 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at leastless than [image: ] symbols after a last downlink symbol and at least[image: ] symbols after a last SS/PBCH block transmission symbol, where [image: ] is provided in Table 8.2-2. 
------------------------------------------------End of TP to 38.213, Section 8.1 --------------------------------------

Samsung:
SSB-RO association clarification
In 38.213, the SSB-RO association rule is introduced before the validation rule is presented. There might be a misunderstanding that the valid ROs is determined after the SSB-RO association, which is not the correct understanding. Thus the following proposal is given.
Proposal 3: add one note under following content in section 8.1 of 38.213:
<omitted>
For preamble format B4 [4, TS 38.211], [image: ]. 
Table 8.1-2: [image: ] values for different preamble subcarrier spacing configurations [image: ]
	Preamble subcarrier spacing
	[image: ]

	1.25 kHz or 5 kHz
	0

	15 kHz or 30 kHz or 60 kHz or 120 kHz
	2



Note that only the valid RO(s) is used for performing SSB-RO association.
<omitted>



RACH configuration for handover

In total three companies have submitted proposals regarding RACH configuration for handover. The differnet proposals are summarized below. Further offline discussions are needed to agree on a single text proposal. The following two questions can serve as an starting point for the discussion. 


· Question 1: Is there a need so specify any conditions for paired spectrum and different frequencey layer? (Proposals added in the table below)

	L
	LGE
	Samsung

	4
	Need to specify
	Yes, 153600Ts
(as for paired spectrum
 and same frequency layer)

	8
	Need to specify
	-

	64
	Need to specify
	-




· Companies view:
· Question 2: For handover purpose in unpaired spectrum and same frequency layer is there any need to define any conditions regarding PRACH configuration, timing assumption and association period? (companies proposals below). 

	L
	LGE
	Intel
	Samsung

	4
	No need to specify
(as useServingCellTimingForSync is set to TRUE)
	Yes, 153600Ts
(as for paired spectrum)
	Yes, ,153600Ts
(as for paired spectrum)

	8
	No need to specify
(as useServingCellTimingForSync is set to TRUE)
	Yes, 76800Ts
	-

	64
	No need to specify
(as useServingCellTimingForSync is set to TRUE)
	Yes, 76800Ts
	-




· Companies view:

· Question 3: For handover in unpaired spectrum and different frequency layers, is it necessary to define the any conditions regarding PRACH configuration, timing assumption and association period? (Companies proposals below)

	L
	LGE
	Samsung

	4
	Need to specify
	Yes, 153600Ts
(as for paired spectrum)

	8
	Need to specify
	-

	64
	Need to specify
	-




· Companies view:




The proposals from the companies are inserted below for reference:

Intel: 

RAN1#93 reached to the following agreement for the motivation to avoid the decoding of PBCH of the target cell for the handover purpose. 

	Agreements:
For paired spectrum and within the same frequency range, and L = 4,
· the 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 , if the any of the following conditions of the PRACH configurations are met:
· for PRACH configurations in which  is not equal to 1 in Tables 6.3.3.2-2 and 6.3.3.2-3
· for PRACH configurations in which  is equal to 1 in Tables 6.3.3.2-2 and 6.3.3.2-3 and the association period in Table 8.1-1 of [38.213] is not equal to 1








Similarly, we need to have the same restriction for unpaired spectrum. For unpaired spectrum, we need to consider not only the frequency band with but also the case of  and  since we already defined NR unpaired band above 3.5GHz. 







In case of , the half frame bit is included in the PBCH DMRS, where UE can know the radio frame boundary before actual decoding of PBCH: UE anyway need to detect the PBCH DMRS for identifying SSB index. However, in case of   or , the half frame bit is included in the PBCH payload, where UE can just know the half radio frame boundary before actual decoding of PBCH. Therefore, if , UE may assume an absolute value of the relative time difference between radio frame  in the current cell and the target cell of less than  for handover purposes if the PRACH periodicity is larger than 10ms. Otherwise, UE may assume an absolute value of the relative time difference of less than  for all PRACH configuration.

Relevant text proposal for 38.211 [2] is proposed as given below.	


-------------- Start of Text proposal for 38.211 ---------------------------

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]. 


Random access preambles can only be transmitted in the frequency resources given by the higher-layer parameter msg1-FrequencyStart. The PRACH frequency resources , where M 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 and unpaired 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 handover purposes within the same frequency range in unpaired 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 
-------------- End of Text proposal for 38.211 ---------------------------


LGE:
RACH configuration for handover
Observation 1: 
· In handover case for TDD bands in the same frequency layer, it is not necessity to define any condition regarding PRACH configuration and the association period. 
· For handover in different frequency layers, it is necessity to define the condition for RACH operation.
Observation 2: 
· If network can guarantee to provide the relative time difference between cells in different frequency layer is less than 5ms, and if the UE can achieve frame boundary of the target cell, the same assumption for FDD band case can be applied to other cases (especially, for L=8 case).

Samsung
Proposal 4: adding the content under section 6.3.3.2 of 38.211:
<omitted>
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 handover purposes in unpaired spectrum or for handover purposes in paired spectrum within the different frequency range 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 determined association pattern period in [8.1 of 38.213] is not equal to 10ms
<omitted>

Corrections to TS38.211

TP for RACH configuration table (ZTE, Nokia)
Two minor editorial corrections are needed to the RACH configuration tables: 
Proposal:  Adopt the following text proposal to 38.211, tables 6.3.3.2-3 and 6.3.3.2-4:
************************************* Start TS 38.211 *****************************************
[bookmark: _Toc516767307]6.3.3.2	Mapping to physical resources
…
Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum. 
	PRACH
Configuration 
Index
	Preamble format
	[image: ]
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	…
	
	
	
	
	
	
	
	

	95
	A2
	16 2
	1
	2,3,4,7,8,9
	0
	1
	3
	4



….
Table 6.3.3.2-4: Random access configurations for FR2 and unpaired spectrum. 
	PRACH
Config. 
Index
	Preamble format
	[image: ]
	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	…
	
	
	
	
	
	
	
	

	134
	B4
	1
	0
	3,5,7,9,11,13
	02
	1
	1
	12



*************************** TS 38.211 – End *******************************************
[bookmark: _GoBack]TP for correction of PRACH signal generation (ZTE)
One proposal from ZTE to correct the PRACH signal generation with respect to the BWP and the higher layer parameters offsetToCarrier and subcarrierSpacing, see detailed motivation for the proposal below.




Proposal 1: Change the  to  in the signal generation equation for PRACH in 38.211 section 5.3.2. 
-----------Text Proposal 38.211 Section 5.3.2 -------

	5.3.2	OFDM baseband signal generation for PRACH


The time-continuous signal  on antenna port  for PRACH is defined by
Current wording:


New wording (the line starting with k1 is updated):



where  and 

-	 is given by clause 6.3.3; 


-	 is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise,  is the subcarrier spacing of the active uplink bandwidth part; 
-	 is the largest  value among the subcarrier spacing configurations provided to the UE for this carrer;
-	[image: ] is the lowest numbered resource block of the initial active uplink bandwidth part based on common resource block indexing and is derived by the higher-layer parameter initialUplinkBWP during initial access. Otherwise, [image: ] is the lowest numbered resource block of the active uplink bandwidth part based on common resource block indexing and is derived by the higher-layer parameter UL-BWP;


-----------End of Text Proposal--------

Motivation for update:


From the description in TS 38.211, the  reference point is Point A. The starting frequency of BWP is shown in below figure. 
[image: ]
Figure 1 starting frequency of BWP



[bookmark: OLE_LINK1]When  determines the RACH signal generation, the  reference point is Point A but not the starting of grid , this will cause the PRACH signal with the additional frequency offset “offsetToCarrier” and map to the wrong frequency position.

In [2], the first PRB of BWP has been revised to the PRB offset relative to the PRB indicated by higher layer parameters offsetToCarrier and subcarrierSpacing. The reference point of first PRB of BWP is the .
	a first PRB and a number of contiguous PRBs indicated by higher layer parameter locationAndBandwidth that is interpreted as RIV according to [4, TS 38.214], setting [image: ]=275, and the first PRB is a PRB offset relative to the PRB indicated by higher layer parameters offsetToCarrier and subcarrierSpacing;




And then we suggest changing the  to  in the signal generation equation for PRACH as below:
Other proposals 
TP for TS38.211 (Spreadtrum)
Feature lead comment:
The current wording in 38.211 seems to be correct.
For example, 
There are some cases where l = 7 (FR1 table unpaired spectrum format 1, 2 &3). 
Using the following expression from the current spec: 





Using = 2048 and  = 160/144 we will get = 7*(2048) + 160 + 6*144. Which is correct. The main idea with the current wording it to always align the start of a preamble to an OFDM symbol boundary.  
Possible conclusion: No need to update 38.211, section 5.3.2.

From Spreadtrum:
Proposa1: Clarify that  [image: ] and [image: ] for PRACH should be given by table 6.3.3.1-1 and table 6.3.3.1-2.
Proposed TP is as follows:
------------------------------------------------------ Start of Text Proposal ----------------------------------------------------------
5.3.2	OFDM baseband signal generation for PRACH
--------------------------------------------------- Unchanged parts omitted ---------------------------------------------------------



The starting position  of the PRACH preamble in a subframe (for ) or in a 60 kHz slot (for ) is given by

	
where 
-	the subframe or 60 kHz slot is assumed to start at [image: ] ;
-	a timing advance value [image: ] shall be assumed; 


-	 and  are given by table 6.3.3.1-1 and table 6.3.3.1-2 ;
-	[image: ] shall be assumed for [image: ], otherwise it is given by [image: ] and the symbol position [image: ] is given by
	[image: ]
------------------------------------------------------ Unchanged parts omitted ------------------------------------------------------
-------------------------------------------------------- End of Text Proposal --------------------------------------------------------
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