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1. Introduction
This contribution discusses remaining details regarding PRACH triggered by PDCCH order, RACH configuration for handover, and RACH configuration impacted by RAN2 LS. 

2. Remaining issues for RACH procedure

2.1 Remaining issues for PDCCH order

2.1.1 Which RS is associated with PRACH when triggered by PDCCH order
In current NR specifications, PDCCH order is supported for triggering random access procedure by defining specific DCI information for this. TS 38.212 specifies that
	TS 38.212 [3], Section 7.3.1.2.1
If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment" field are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order, with all remaining fields set as follows:
-	Random Access Preamble index – 6 bits according to ra-PreambleIndex in Subclause 5.1.2 of [8, TS38.321]
-	UL/SUL indicator – 1 bit. If the value of the "Random Access Preamble index" is not all zeros and if the UE is configured with SUL in the cell, this field indicates which UL carrier in the cell to transmit the PRACH according to Table 7.3.1.1.1-1; otherwise, this field is reserved
-	SS/PBCH index – 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this field is reserved. 
-	PRACH Mask index – 4 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the RACH occasion associated with the SS/PBCH indicated by "SS/PBCH index" for the PRACH transmission, according to Subclause 5.1.1 of [8, TS38.321]; otherwise, this field is reserved
-	Reserved bits – 10 bits



If this PDCCH order is received by the UE, UE needs to calculate the power for the transmission of corresponding PRACH based on the path loss estimation between the gNB and the UE. This path loss information is obtained by measuring reference signals (RS) defined for the PDCCH order. TS 38.213 specifies the relevant contents:
	TS 38.213 [4], Section 7.4
If the PRACH transmission from the UE is not in response to a detection of a PDCCH order by the UE, or is in response to a detection of a PDCCH order by the UE that triggers a contention based random access procedure, referenceSignalPower is provided by ss-PBCH-BlockPower. 
If the PRACH transmission from the UE is in response to a detection of a PDCCH order by the UE that triggers a non-contention based random access procedure and depending the DL RS that the DM-RS of the PDCCH order is quasi-collocated with as described in Subclause 10.1, referenceSignalPower is provided by ss-PBCH-BlockPower or, when the UE is configured resources for a periodic CSI-RS reception, referenceSignalPower is obtained by higher layer parameters ss-PBCH-BlockPower and powerControlOffsetSS where powerControlOffsetSS provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214]. If powerControlOffsetSS is not provided to the UE, the UE assumes an offset of 0 dB.



From the above paragraphs, the referenceSignalPower can be provided by either ss-PBCH-BlockPower or ss-PBCH-BlockPower along with powerControlOffsetSS depending on whether RACH is associated with SSB or CSI-RS. However, TS38.214 indicates that PDCCH is always QCL’ed with CSI-RS if the TCI sate is activated. In that scenario, there is no case that ss-PBCH-BlockPower becomes the referenceSignalPower for PRACH.
	TS 38.214 [5] Section 5.1.5
      For the DM-RS of PDCCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition, when 'QCL-TypeD' is not applicable.



It may not be desirable that only CSI-RS can be the RS which is associated with PRACH transmission since it will restrict the NW flexibility regarding the PRACH triggering by PDCCH order. In that perspective, we can define one additional bit in the DCI for PDCCH order for indicating whether SSB or CSI is associated with PRACH with respect to the determination of referenceSignalPower. 
Relevant text proposals for 38.212 [3] and 38.213 [4]  are proposed as given below.	
	
-------------- Start of Text proposal for 38.212 ---------------------------

[bookmark: _Toc517077657]7.3.1.2.1	Format 1_0
DCI format 1_0 is used for the scheduling of PDSCH in one DL cell. 
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by C-RNTI or CS-RNTI or new-RNTI:
-	Identifier for DCI formats – 1 bits
-	The value of this bit field is always set to 1, indicating a DL DCI format

-	Frequency domain resource assignment –  bits

-	 is the size of the active DL bandwidth part in case DCI format 1_0 is monitored in the UE specific search space and satisfying
-	the total number of different DCI sizes monitored per slot is no more than 4 for the cell, and 
-	the total number of different DCI sizes with C-RNTI monitored per slot is no more than 3 for the cell

otherwise,  is the size of the initial DL bandwidth part.
If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment" field are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order, with all remaining fields set as follows:
-	Random Access Preamble index – 6 bits according to ra-PreambleIndex in Subclause 5.1.2 of [8, TS38.321]
-	UL/SUL indicator – 1 bit. If the value of the "Random Access Preamble index" is not all zeros and if the UE is configured with SUL in the cell, this field indicates which UL carrier in the cell to transmit the PRACH according to Table 7.3.1.1.1-1; otherwise, this field is reserved
-	SS/PBCH index – 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this field is reserved. 
-	PRACH Mask index – 4 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the RACH occasion associated with the SS/PBCH indicated by "SS/PBCH index" for the PRACH transmission, according to Subclause 5.1.1 of [8, TS38.321]; otherwise, this field is reserved
-	PRACH power reference index – 1 bit indication for determining referenceSignalPower according to Subclause 7.4 of [8, TS38.213]	
-	Reserved bits – 10 bits
-------------- End of Text proposal for 38.212---------------------------

-------------- Start of Text proposal for 38.213 ---------------------------

[bookmark: _Toc517265039][bookmark: _Ref491459187]7.4	Physical random access channel





A UE determines a transmission power for a physical random access channel (PRACH), , on active UL BWP  of carrier  based on a current SS/PBCH block determination for serving cell  in transmission occasion  as 

	 [dBm],












where  is the configured UE transmission power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for carrier  of serving cell  within transmission occasion ,  is the PRACH preamble target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the UL BWP  of carrier  of serving cell , and  is a pathloss for the UL BWP  of carrier  for the current SS/PBCH block of serving cell  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 PRACH transmission from the UE is not in response to a detection of a PDCCH order by the UE, or is in response to a detection of a PDCCH order by the UE that triggers a contention based random access procedure, referenceSignalPower is provided by ss-PBCH-BlockPower. 
If the PRACH transmission from the UE is in response to a detection of a PDCCH order by the UE that triggers a non-contention based random access procedure and depending on PRACH power reference index field [5, TS 38.212].  the DL RS that the DM-RS of the PDCCH order is quasi-collocated with as described in Subclause 10.1, If PRACH power reference index field is 0, referenceSignalPower is provided by ss-PBCH-BlockPower. or, when the UE is configured resources for a periodic CSI-RS receptionand, Otherwise, referenceSignalPower is obtained by higher layer parameters ss-PBCH-BlockPower and powerControlOffsetSS where powerControlOffsetSS provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214], where the CSI-RS is quasi-collocated with DM-RS of the PDCCH order as described in Subclause 10.1. If powerControlOffsetSS is not provided to the UE, the UE assumes an offset of 0 dB. 
-------------- End of Text proposal for 38.213---------------------------


2.1.2 [bookmark: _Ref521674560]CSI-RS configuration and PRACH triggering by PDCCH order
In the previous section, it was discussed that CSI-RS can be used for determining referenceSignalPower for PRACH transmission. As defined in TS 38.214 [5] Section 5.1.5, it is possible different kinds of CSI-RS is quasi-collocated with DM-RS of PDCCH. Table 1 is summarizing possible QCL configuration for PDCCH. Based on Table 1, there are cases that two CSI-RS are QCL-ed with DM-RS of PDCCH with different QCL types, i.e., CSI-RS for Tracking for QCL type-A and CSI-RS for Beam Management for QCL type-D, and it is not clear which CSI-RS has to be used for the reference RS for path loss estimation.
[bookmark: _Ref521671096]Table 1:	Possible PDCCH QCL information depending on configuration
	QCL Info 1
	QCL Info 2
(optionally configured)
	Notes

	RS
	QCL Type
	RS
	QCL Type
	

	CSI-RS for Tracking 
	Type A
	Same CSI-RS as QCL Info 1
	Type D
	

	CSI-RS for Tracking 
	Type A
	CSI-RS for Beam Management 
	Type D
	If the QCL Info 2 is configured,
RS with QCL Type D is used for RLM Measurements

	CSI-RS
(CSI feedback)
	Type A
	N/A
	N/A
	Only in FR1
(when Type D is not applicable)



For this case we need to define that either of CSI-RS is used for determining powerControlOffsetSS. Our preference is that type D CSI-RS is used for power reference since the similar method is utilized in RLM as given in Section 5 of 38.213.
	TS 38.213 [4], Section 5
If the UE is not provided higher layer parameter RadioLinkMonitoringRS and the UE is provided by higher layer parameter TCI-state for PDCCH one or more RSs that include one or more of a CSI-RS and/or a SS/PBCH block
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH if the active TCI state for PDCCH includes only one RS
 -	if the active TCI state for PDCCH includes two RS, the UE expects that one RS has QCL-TypeD and the UE uses the one RS for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic RS



Relevant text proposal for 38.213 [3] is proposed as given below.	


[bookmark: _Toc517265072][bookmark: _Ref491451763][bookmark: _Ref491466492]-------------- Start of Text proposal for 38.213 ---------------------------
10.1	UE procedure for determining physical downlink control channel assignment 
------------------------------------------------------
When precoderGranularity = allContiguousRBs, a UE does not expect to be configured a set of resource blocks of a control resource set that includes more than four sub-sets of resource blocks that are not contiguous in frequency.



For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter frequencyDomainResources provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 PRBs, in ascending order of the PRB index in the DL BWP bandwidth of  PRBs with starting position  where the first PRB of the first group of 6 PRBs has index . A group of 6 PRBs is allocated to a control resource set if a corresponding bit value in the bitmap is 1; else, if a corresponding bit value in the bitmap is 0, the group of 6 PRBs is not allocated to the control resource set.
If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure. 
If the UE has received a MAC CE activation command for one of the TCI states, the UE applies the activation command 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the activation command.
If a UE has received higher layer parameter TCI-StatesPDCCH containing a single TCI state, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the one or more DL RS configured by the TCI state. If the active TCI state for PDCCH includes two RS, the UE expects that one RS has QCL-TypeD and the UE uses the one RS for determining powerControlOffsetSS if the UE receives PDCCH order.

-------------- End of Text proposal for 38.213---------------------------



2.2 RACH configuration for handover

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 ---------------------------

[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 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 unpaird 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 unpaird 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 ---------------------------

2.3 RACH Configuration issue

We have received an LS [6] saying that “RAN2 had previously introduced the parameter totalNumberOfRA-Preambles”. As suggested by the LS, RAN1 needs to update the specification accordingly as the following text proposal for 38.213.

-------------- Start of Text proposal for 38.213 ---------------------------

[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 preamble 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 [image: ] of contention based preambles per SS/PBCH block by higher layer parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB. If [image: ], one SS/PBCH block is mapped to [image: ] consecutive PRACH occasions. If [image: ], [image: ] contention based preambles with consecutive indexes associated with SS/PBCH block [image: ], [image: ], per PRACH occasion start from preamble index [image: ] n totalNumberOfRA-Preambles/N. SS/PBCH block indexes are mapped to PRACH occasions in the following order where the parameters are described in [4, TS 38.211].
-------------- End of Text proposal for 38.213---------------------------

2.4 PRACH power control

For contention-based (CB) PRACH, the pathloss is derived based on SSB only. But for contention-free (CF) based PRACH, pathloss can be derived based on either SSB or CSI-RS, which is determined by the associated reference signal resource. However in current spec, only the PDCCH ordered CF-PRACH has been considered. The CF-PRACH for other purpose, e.g. BFR, has not been included. One possible way is to make it general that for CF-PRACH, the pathloss is derived based on its associated SSB or CSI-RS and for CB-PRACH pathloss is based on SSB only. 
Please note that the same proposal is proposed in power control agenda  [7].

-------------- Start of Text proposal for 38.213 ---------------------------

7.4	Physical random access channel





A UE determines a transmission power for a physical random access channel (PRACH), , on active UL BWP  of carrier  based on a current SS/PBCH block determination for serving cell  in transmission occasion  as 

	  [dBm],












where  is the configured UE transmission power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for carrier  of serving cell  within transmission occasion ,  is the PRACH preamble target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the UL BWP  of carrier  of serving cell , and  is a pathloss for the UL BWP  of carrier  for the current SS/PBCH block of serving cell  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 PRACH transmission is from a contention based random access procedure, from the UE is not in response to a detection of a PDCCH order by the UE, or is in response to a detection of a PDCCH order by the UE that triggers a contention based random access procedure, referenceSignalPower is provided by ss-PBCH-BlockPower. 
If the PRACH transmission from a non-contention based random access procedure, the UE is in response to a detection of a PDCCH order by the UE that triggers a non-contention based random access procedure and depending the DL RS that the DM-RS of the PDCCH order is quasi-collocated with as described in Subclause 10.1, referenceSignalPower is provided by ss-PBCH-BlockPower or, when the UE is configured resources for a periodic CSI-RS reception, referenceSignalPower is obtained by higher layer parameters ss-PBCH-BlockPower and powerControlOffsetSS where powerControlOffsetSS provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214]. If powerControlOffsetSS is not provided to the UE, the UE assumes an offset of 0 dB.
<Unrelated part omitted>


-------------- End of Text proposal for 38.213---------------------------

[bookmark: _GoBack]
3. Conclusions
In this contribution we have discussed remaining issues regarding random access procedures and proposes to agree on the text proposals above.
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