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1	Introduction
In this paper, we discuss some of the remaining issues in a RACH procedure. Specifically, we first discuss whether non-slot based transmission should be supported for Msg2, Msg3, and Msg4 transmission. We then raise the question about whether the maximum timing advance should be considered when specifying the minimum timing gap between Msg2 reception and Msg3 transmission. In addition, we illustrate how to indicate the information of detected preambles via RA-RNTI and RAR design. Finally, we share our views on CORESET configuration for PDCCHs in the 4-step RACH. 

2	Msg2 and Msg3 timing gap
	Agreements:
· Msg3 is scheduled by the uplink grant in RAR
· Msg3 is transmitted after a minimum time gap from the end of Msg2 over-the-air reception 
· gNB has the flexibility to schedule the transmission time of Msg3 while ensuring the minimum time gap
· FFS the minimum time gap w.r.t. UE processing capability



In LTE, the timing gap between Msg2 reception and Msg3 transmission considers not only the UE processing time of Msg2 decoding and Msg3 signal generation but also the maximum timing advance value among all NR PRACH preamble formats which is about 667.7usec to cover a 100km cell (LTE format2 and NR format1). However, for other 13 preamble formats supported in NR, the target cell coverage is much less 100km and hence the corresponding TA values can be much smaller than 667.7usece. Preamble format C2 has the largest cell radius among all preamble formats with short sequence. However, even with preamble format C2, its cell radius is only about 1/10 of the target cell radius with NR preamble format 1. Therefore, the maximum TA values for different preamble formats (or different cell sizes) can be very different.  
[bookmark: _Ref494726135]Observation 1: The maximum TA values covered by different PRACH preamble formats in NR can be very different. 

Table 1: Analysis of timing gap between Msg2 reception and Msg3 transmission. Assumptions are: one carrier component, two PDCCH symbols, 44 PDDCH blind decoding attempts, additional DMRS at symbol 10 for PDSCH, “Option3” resource allocation for Msg3 PUSCH (see Note 1 in the below for resource allocation types)
	
	SCS=15kHz
	SCS=30kHz
	SCS=60kHz
	SCS=120kHz

	UE processing time with Option3 (Note 1) resource allocation (unit: symbol)
	22.4
	27.5
	41.2
	68.5

	TA with preamble format 1 (unit: symbol, Note 2)
	10
	10
	10
	N/A

	Msg2 and Msg3 timing gap including TA for long-sequence based preamble formats (slot)
	3
	3
	4
	N/A

	TA with preamble format C2 with f_RA=15kHz
	0.92
	1.84
	3.68
	N/A

	Msg2 and Msg3 timing gap including TA for short-sequence based preamble formats at sub-6GHz frequency
	2
	[2 or 3]
	[3 or 4]
	N/A

	TA with preamble format C2 with f_RA=60kHz
	N/A
	N/A
	0.92
	1.84

	Msg2 and Msg3 timing gap including TA for short-sequence based preamble formats at above-6GHz frequency
	N/A
	N/A
	3
	5

	Suggested timing gap between Msg2 reception and Msg3 transmission with Option3 (Note 1) resource allocation (slot)
	3
	3
	4
	5


[bookmark: _Ref498704952]Note 1: Three types of resource allocation. For CP-OFDM, Option 1 (freq-first) is applied. For DFT-S-OFDM, Option1 and Option3 have not been down-selected. The processing time of Option3 is slightly larger than Option1. The evaluation results of Option3 are hence used for this analysis.
[bookmark: _Ref498705112]Note 2: For long-sequence based preamble formats, we use preamble format 1 for evaluation as in LTE and it is designed to target a 100km cell radius. As the SCS of PUSCH decreases, the target cell size and corresponding maximum TA is reduced accordingly. 
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Figure 1: Options for PUSCH resource allocation

[bookmark: _Ref498727417]Proposal 1: Timing gap between Msg2 reception and Msg3 transmission is dependent on PUSCH subcarrier spacing. Specifically, we propose if UE receives Msg2 at slot n, then Msg3 should be scheduled to transmit no earlier than slot (1) n+4 for SCS=15 and 30kHz, (2) n+5 for SCS=60kHz, and (3) n+6 for SCS=120kHz. 

3	Configuration for RACH CORESET
	Agreements: (RAN1 #90bis)
· There is an RMSI PDCCH monitoring window associated with an SS/PBCH block, which recurs periodically.
· Each window has duration of x consecutive slot(s).
· FFS: x is e.g., 1/2/4
· FFS: whether x is frequency band dependent
· FFS: whether x is configured in PBCH.
· The period, y, of the monitoring window can be the same as or different from the period of the SS/PBCH block burst set.
· FFS: y is e.g., 10/20/40/80/160 ms
· FFS: whether y is frequency band dependent
· FFS: whether y is configured in PBCH
· FFS: whether y is dependent on RMSI TTI
· FFS: whether there is a dependency between the period of the monitoring window and the period of the SS/PBCH block burst set.
· FFS: whether it is allowed to configure the overlapping monitoring windows associated with different SS/PBCH blocks
· FFS: Monitoring window time offset 
· From RAN1’s perspective, the considered values of the RMSI TTI for down-selection are 80ms and 160ms.



	Agreements: (from email approval after RAN1 #90bis)
· (Working assumption) PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency

· The maximum number of bits for configuration of RMSI CORESET(s) and RMSI timing in PBCH is X bits excluding the subcarrier spacing. 
· X is TBD, and can be chosen to be up to [8] bits.
· Note: RMSI CORESET(s) means the CORESET(s) configured by PBCH

· Configuration of RMSI CORESET(s) should consider at least the following properties: 
· bandwidth (PRBs) 
· frequency position (frequency offset relative to SS/PBCH block) 
· A set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET 
· FFS: signaling details including what is captured in specifications and what is signaled in the MIB

· RMSI timing configuration should consider at least the following properties: 
· RMSI PDCCH monitoring window periodicity y
· RMSI PDCCH monitoring window duration x
· FFS: RMSI PDCCH monitoring window offset
· FFS: The number of RMSI PDCCH monitoring occasions per SSB within the RMSI PDCCH monitoring window periodicity
· FFS: signaling details including what is captured in specifications and what is signaled in the MIB

Note: QCL per CORESET vs. search space is up to control session’s decision.



	Agreements:
· UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission 
· UE may assume that the DMRS of PDCCH conveying Msg3 retransmission grant is QCLed with the SS block that the UE selected for RACH association and transmission
Agreements:
· If there is no beam reporting in RACH message 3, UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg4 are QCL’ed with the SS block that the UE selected for RACH association and transmission
· FFS: Whether to support beam reporting in Msg3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption



In the 4-step RACH procedure, PDCCH is used for scheduling Msg2 (RAR), Msg3 retransmission, and Msg4. In LTE, the PDCCH for scheduling Msg2 is scrambled by RA-RNTI and is transmitted on the common search space. And Msg3 retransmission and Msg4 are scheduled by PDCCH that is scrambled by temporary C-RNTI and can be transmitted on both common and UE-specific search spaces. The control resource set, CORESET, is introduced in NR to describe the time-frequency resource used by the downlink control channel, PDCCH. Regarding the configuration for RACH CORESET, at least the following questions should be discussed: 
1. Is it allowed to associate one RACH CORESET (note: time-frequency resource) to all of the actually transmitted SS blocks? If not, i.e. one RACH CORESET can only be associated with one or multiple but not all SS blocks, then how to configure the association between RACH CORESETs and the actually transmitted SS blocks?
2. Should the configuration for RACH CORESET be same as that for RMSI CORESET? Specifically, two aspects should be considered: 
a. Frequency information: bandwidth and frequency position
b. Timing information: OFDM symbol indices within a slot and RACH CORESET monitoring periodicity
3. Should the configurations for Msg2 CORESET, Msg3 reTx CORESET, and Msg4 CORESET be the same?

From the above agreements on RMSI CORESET and RMSI timing configuration, it is not clear yet how they would be associated with the corresponding SS blocks. But it is reasonable to assume that one RMSI CORESET is associated with one SS block. It is because both SS blocks and RMSI are broadcast signals and RMSI should be transmitted in a beam sweeping manner according to the actually transmitted SS blocks. Unlike RMSI, however, the network transmits RAR only in the direction(s) that it has detected Msg1 transmission(s). For example, even when the number of actually transmitted SS blocks is the maximum, i.e. 64, if there is only one preamble detected in total, then the network only has to transmit one Msg2. In this case, there is literally no beam sweeping behaviour at the NW in Msg2 transmission. To be more general, Msg2/Msg3/Msg4 are not necessary transmitted in a beam sweeping manner. To increase NW scheduling flexibility and resource utilization efficiency, we propose that one RACH CORESET can be associated with more than one SS block if not all. 
[bookmark: _Ref498727461]Observation 2: While RMSI is a broadcast signal and should be transmitted in a beam sweeping manner, RAR is a multicast signal and is only transmitted in directions from which the network has detected PRACH preambles.  
[bookmark: _Ref498727471]Proposal 2: One RACH CORESET can be associated with multiple or all SS blocks. 
At least for contention-based RACH, it is reasonable to assume that RACH CORESET can follow the same configuration of bandwidth and frequency positions as that for RMSI CORESET. We do not see use cases or benefits by not doing so. On the other hand, we do propose the configuration of timing information for RACH CORESET should be different from that for RMSI CORESET for the following two reasons. Firstly, the periodicity of RACH COREST monitoring cannot be too large in order to meet the 10ms control plane latency target in NR. The candidate periods of RMSI PDCCH monitoring, i.e. 10/20/40/80/160ms, are definitely not suitable for RACH CORESET. Secondly, as explained in the previous paragraph, the association between RACH CORESETs and SS blocks can be different from the association between RMSI CORESETs and SS blocks because Msg2/Msg3/Msg4 can be transmitted only in directions that Msg1 has been detected instead of in all directions. Hence, the configuration of timing information of RACH CORESET should be different from that of RMSI CORESET. 
[bookmark: _Ref498727791]Proposal 3: The configuration of bandwidth and frequency positions for RACH CORESET can be same as that for RSMI CORSET. 
[bookmark: _Ref498727805]Proposal 4: The configuration of timing information, at least RACH CORESET monitoring periodicity, shall not be same as that for RMSI CORESET.  
As to Msg2 CORESET, Msg3 reTx CORESET, and Msg4 CORESET, we have not seen any strong motivation to configure them differently from each other. Furthermore, based on the agreements on QCL assumptions in RACH, it is consequently reasonable to propose that the CORESET configuration for PDCCH scheduling Msg3 reTx should be same as the CORESET configuration for PDCCH to schedule Msg2. And if there is no beam reporting in RACH Msg3, the CORESET configuration for PDCCH to schedule Msg4 should be same as that for PDCCH to schedule Msg2. 
[bookmark: _Ref498727821]Proposal 5: The configuration of CORESET for PDCCH scheduling Msg3 retransmission grant should be same as the configuration of CORESET for PDCCH scheduling Msg2. 
[bookmark: _Ref498727837]Proposal 6: If there is no beam reporting in RACH Msg3, the configuration of CORESET for PDCCH scheduling Msg4 should be same as the configuration of CORESET for PDCCH scheduling Msg2.

4	RA-RNTI and RAR design
	Offline conclusion: (RAN1 #90bis)
· NR considers following parameters for RA-RNTI calculation:
· f_id, subframe index, slot index within the subframe, symbol index within the slot, RACH occasion/time-instance index, SSB index, carrier index, logical order of time-frequency domain of RACH occasion and SSB index, etc.
· NR considers different SCS on different carriers used for PRACH in RA-RNTI calculation.



	Agreements: (Email approval after RAN1 #90bis)
1. For contention based RACH, support the same number of PRACH preambles for all actually transmitted SS blocks.
1. FFS: Same/different number of PRACH preambles for SS blocks in CFRA.
2. Support following values for the configuration of the number of PRACH preambles for CBRA per SSB:
· 4 * N (where 1 <= N <= 16)
· FFS: 0, 1, 2, 3, 5, 6, 7, 10, 14, 18, 22, 26, 30, values greater than 64
· FFS: different granularity for different number of PRACH preambles for CBRA and CFRA per SSB



Regarding the RA-RNTI and RAR design, differences between NR and LTE are that (1) in NR, preamble formats can be as short as one or several OFDM symbols (1, 2, 4, 6, and12 to be specific), and (2) RACH preamble/time/frequency resources are associated with SS blocks/CSI-RS configurations in multi-beam operations. The problems become
1. What is the granularity of the timing index (i.e. tid in LTE RA-RNTI) in NR RA-RNTI calculation? Where and how should we indicate this symbol-level timing information?
2. Should we take SS block indices or CSI-RS configurations in to consideration when determining RA-RNTI?

If the granularity of timing index in RA-RNTI is only at the level of subframe (or slot, Alt.1 in Table 2), it means the information of finer granularities of slot and symbol (or symbol) should be carried by RAR. This means that RAR needs carry more information than preamble indices. Therefore, we either need add more fields to RAR or need to increase the number of bits for RAPID and change the meaning of RAPID accordingly. In addition, this may increase the UE’s decoding complexity because all of the RACH occasions within the same subframe (or slot) are associated with the same RA-RNTI value. Though this method is more RA-RNTI value efficient, it requires to modify RAR fields and may increase the UE’s decoding complexity. Therefore, it is RA-RNTI instead of RAR that should carry the symbol-level timing information. In other words, the granularity of timing index in NR RA-RNTI calculation should be at the symbol level. 
[bookmark: _Ref498727865]Observation 3: If the granularity of timing index in RA-RNTI is only at the level of subframe (or slot), it may be RA-RNTI value efficient but it requires to modify RAR fields and it may increase the UE’s decoding complexity. 
[bookmark: _Ref498728002]Proposal 7:  The granularity of timing index in NR RA-RNTI calculation should be at the symbol level. 

	By saying the symbol-level timing should carried by RA-RNTI, we mean that the RACH transmission occasion o which a preamble is detected can be uniquely indicated by the associated RA-RNTI value no matter the preamble is only one OFDM symbol long or several slots long. Specifically, this can be done by some example methods (Alt.2 and Alt.3) in the following.
Alt.2: The symbol number in a radio frame
(1) Preamble format with short-sequence: 
· c: a constant RNTI offset
·  the starting symbol index of the preamble within a slot
·  the slot index within a radio frame
·  the number of slots within a radio frame which is subcarrier spacing dependent, e.g. N=80 for SCS=120kHz
(2) Preamble format with long-sequence: 
· c: a constant RNTI offset
·  the slot index within a radio frame
·  the number of slots within a radio frame which is subcarrier spacing dependent, e.g. N=80 for SCS=120kHz

Alt.3: The RACH occasion (RO) index in a radio frame
· 
· c: a constant RNTI offset
·  the RACH transmission occasion index in the time dimension within a radio frame for a given PRACH configuration index
·  the number of RACH transmission occasions in the time dimension within a radio frame for a given PRACH configuration index

Though the number of actually consumed RA-RNTI values is the same for Alt.2 and Alt.3, the RA-RNTI value range in Alt.3 is more compact than that in Alt.2. Additionally, Alt.3 only needs one equation to calculate its RA-RNTI value while Alt.2 commands two different equations to accommodate long-sequence based preamble formats and short-sequence based preamble formats, respectively. Therefore, we think Alt.3 should be considered for NR RA-RNTI calculation for its compact range of RA-RNTI values and it unified equation for different preamble formats. 
[bookmark: _Ref498728023]Observation 4: By introducing the RACH transmission occasion index in the time dimension (Alt.3) into NR RA-RNTI calculation, we can get a more compact set of consumed RA-RNTI values and a more unified design for all different preamble formats compared the straightforward symbol-level method (Alt.2). 
[bookmark: _Ref498728037]Proposal 8: NR RA-RNTI calculation should be based on the RACH transmission occasion in the time dimension for a given PRACH configuration index. 

	Finally, since one RACH transmission occasion can be associated with more than one SS block/CSI-RS configuration, taking SS block indices/CSI-RS configurations into consideration when calculating NR RA-RNTI may help UE to reduce its decoding complexity at the cost of redundancy between RA-RNTI and RAPID. An example of this RA-RNTI design could be 
Alt.4: The RACH occasion (RO) index in a radio frame + SS block indices/CSI-RS configurations
· 
· c: a constant RNTI offset
·  the RACH transmission occasion index in the time dimension within a radio frame for a given PRACH configuration index
·  the number of RACH transmission occasions in the time dimension within a radio frame for a given PRACH configuration index
·  number of duplications of RACH transmission occasions in the frequency dimension
· : the SS block index within the set of SS blocks that are associated with the same RACH occasion; a similar definition can be applied to CSI-RS configurations when RACH resources are associated with CSI-RS configurations 

In Alt.4, the UE decoding complexity may be reduced at the cost of consuming more RA-RNTI values. Fortunately, this association between multiple SS blocks and one RACH transmission occasion is more likely to be applied when the network loading is light and therefore the RNTI value consumption is not an issue. 
[bookmark: _Ref498728046]Proposal 9: RA-RNTI calculation can include SS block indices or CSI-RS configurations within a RACH occasion if the number of additionally consumed RA-RNTI values is affordable in NR.  

[bookmark: _Ref498683256]Table 2: Comparison among alternatives for RA-RNTI calculation. We have assumed the time duration considered is a 10ms radio frame, the numerology is 120 kHz, and there are six copies of RACH resources in the frequency dimension, i.e. .
	
	Definition of time index in RA-RNTI design
	Maximum RA-RNTI value with SCS=120 kHz and 
	[bookmark: _GoBack]Pros and cons (e.g. impact on RAR design)

	Alt.1
	The slot number in a radio frame
	 (less than )
	RAR should carry the information of RACH transmission occasion index (RO) or symbol index within a slot

	Alt.2
	The symbol number in a radio frame
	 (larger than )
Note: the number of actually consumed RA-RNTI values depends on the given PRACH configuration index
	Pros: Compared with Alt.1, no additional information to be carried by RAR besides preamble index
Cons: Compared with Alt.3, the RA-RNTI value range is larger, i.e. the set of consumed RA-RNTI values is less compact. And it requires two formulas for different preamble formats.

	Alt.3
	The RACH occasion (RO) index in the time dimension within a radio frame for a given PRACH configuration index
	Depending on the total number of configured RACH transmission occasions within a radio frame and should be much less than 6720 (in Alt.2).  
	Pros: Compared with Alt.1, no additional information to be carried by RAR besides preamble index. And compared with Alt.2, the set of consumed RA-RNTI values is more compact and its formula is unified for all preamble format.

	Alt.4
	RO index in the time dimension + SS block indices or CSI-RS configurations
	If multiple SS blocks/CSI-RS are associated with one RACH occasion, then it requires more RA-RNTI values than Alt.3. 
	Pros: may reduce UE’s decoding complexity
Cons: more RA-RNTI value consumption



5	RRC parameters for RACH  
In this section, we share our views on some of the RRC parameters for RACH that need further discussion. 
	RRC parameter for RACH
	MediaTek’s view

	prach-Msg1SequenceLength
	Not needed. It is known once the preamble format is given.

	prach-Msg1SubcarrierSpacing
	1. Can be either included by the PRACH configuration table or configured separately. No strong preference about this. 
2. If configured separately, 
(1) dummy or [1.25kHz, 5kHz] for long-sequence based preamble formats
(2) [15kHz, 30kHz] for short-sequence based preamble formats at below-6GHz frequency
(3) [60kHz, 120kHz] for short-sequence based preamble formats at above-6GHz frequency

	Msg3 tone spacing
	1. Should be included by the initial active uplink bandwidth part
2. Should be changed  to prach-Msg3SubcarrierSpacing to be aligned with prach-Msg1SubcarrierSpacing 

	prach-StartingSymbolIndex
	Not needed. These three parameters should be included by the PRACH configuration table since they are highly related to the RACH resource allocation. 

	prach-EndSymbolIndex
	

	prach-PreambleFormat
	

	prach-FreqOffset
	Needed. This provides resource allocation flexibility and is relative to PRB0. The unit is in the number of PRBs while its value range depends the maximum uplink bandwidth that NR supports. 

	Number of PRACH transmission occasions FDMed in one time instance
	Needed. Values {1, 2, 3, …, 8}
Note: we need to clarify whether this includes the resources for beam recovery request or not when resources for beam recover request are FDMed to those of regular RACH purposes 

	ra-ResponseWindowSize
	Needed. It is left to RAN2 to decide its value range. 
Note: This value and the time duration of RA-RNTI calculation are related. 

	RACH CORESET configuration
	Needed, at least for configuration of the timing information as we have explained in “Configuration for RACH CORESET” section in this paper

	ra-PreambleIndexConfig
	Needed for contention-free RACH

	Masks for RACH resources and/or SSBs
	Needed for contention-free RACH

	zeroCorrelationZoneConfigDedicated
	May not be needed. Currently, the known uplink synchronous use case is beam recovery request that has its own configurations of rootSequenceIndex and zeroCorrelationZoneConfig.   

	rootSequenceIndexDedicated
	



6	Conclusion
In this paper, we address some remaining issues in the 4-step RACH procedure. Proposals and observations are summarized in the following. 
Observation 1: The maximum TA values covered by different PRACH preamble formats in NR can be very different.
Proposal 1: Timing gap between Msg2 reception and Msg3 transmission is dependent on PUSCH subcarrier spacing. Specifically, we propose if UE receives Msg2 at slot n, then Msg3 should be scheduled to transmit no earlier than slot (1) n+4 for SCS=15 and 30kHz, (2) n+5 for SCS=60kHz, and (3) n+6 for SCS=120kHz.
Observation 2: While RMSI is a broadcast signal and should be transmitted in a beam sweeping manner, RAR is a multicast signal and is only transmitted in directions from which the network has detected PRACH preambles.
Proposal 2: One RACH CORESET can be associated with multiple or all SS blocks.
Proposal 3: The configuration of bandwidth and frequency positions for RACH CORESET can be same as that for RSMI CORSET.
Proposal 4: The configuration of timing information, at least RACH CORESET monitoring periodicity, shall not be same as that for RMSI CORESET.
Proposal 5: The configuration of CORESET for PDCCH scheduling Msg3 retransmission grant should be same as the configuration of CORESET for PDCCH scheduling Msg2.
Proposal 6: If there is no beam reporting in RACH Msg3, the configuration of CORESET for PDCCH scheduling Msg4 should be same as the configuration of CORESET for PDCCH scheduling Msg2.
Observation 3: If the granularity of timing index in RA-RNTI is only at the level of subframe (or slot), it may be RA-RNTI value efficient but it requires to modify RAR fields and it may increase the UE’s decoding complexity.
Proposal 7:  The granularity of timing index in NR RA-RNTI calculation should be at the symbol level.
Observation 4: By introducing the RACH transmission occasion index in the time dimension (Alt.3) into NR RA-RNTI calculation, we can get a more compact set of consumed RA-RNTI values and a more unified design for all different preamble formats compared the straightforward symbol-level method (Alt.2).
Proposal 8: NR RA-RNTI calculation should be based on the RACH transmission occasion in the time dimension for a given PRACH configuration index.
Proposal 9: RA-RNTI calculation can include SS block indices or CSI-RS configurations within a RACH occasion if the number of additionally consumed RA-RNTI values is affordable in NR.
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