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1. Introduction
[bookmark: _GoBack]During the previous RAN1 meetings, RAN1 made a lot of agreements on the RACH procedure and the corresponding PRACH preamble format. Different from LTE system, there are significant differences in the RACH procedure for NR due to the introduction of multiple beam operations. In this document, we discuss further details on the four-step RACH procedure based on the current RAN1 agreements. 

RACH resource association
1.1. Derivation of Effective RACH slots/Effective RACH symbols
Since RAN1 agreed that RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block in TDD/FDD, UE should be able to derive the effective RACH slots combining information from the RACH configuration and the actual transmitted SSB in the RMSI. In addition, RAN1 defined the possible slot positions for SS block transmissions however the slots are not always reserved for SS block transmission. Information whether or not each SS blocks are actually transmitted or not is indicated in the RMSI, i.e. actual transmitted SS block information. By the combination with the information of actually transmitted SS blocks and the RACH configuration, UE should be able to derive the effective RACH slot based on the predefined rules, which are elaborated with more details in our companion document [1]. 
Proposal 1: 
· Effective RACH slots are derived from the RACH configuration in consideration with the actually transmitted SSB indicated in the RMSI. 

Having the effective RACH slots, UE should also be able to derive effective RACH symbols based on the signalled PRACH preamble format and the starting symbol index of a RACH slot, which are all cell specific. In addition, SFI should also be considered when UE derives the effective RACH symbols, i.e. symbols indicated as UL by the SFI can be the effective RACH symbols. Here, the effective RACH symbols should meet the required number of consecutive symbols defined by the PRACH preamble format. One set of effective RACH symbols can be said to be one RACH occasion. To be more accurate, it should be clearly decided whether RACH resources are always allocated consecutively in a slot and whether the number of RACH occasions per slot should be the same over all RACH slots. If the number of RACH occasions per slot is different in a cell, it should be signalled explicitly. Also, network should provide the number of FDMed RACH resources given the RACH-Config Index, so than the UE is able to calculate the total number of RACH occasions in two dimensional time-frequency grid. 
Proposal 2: 
· Within the effective RACH slot, effective RACH symbols are derived based on the signalled RACH preamble format, the starting symbol index of a RACH slot and SFI indication. 
Proposal 3: 
· Total number of RACH occasions within the PRACH configuration period is calculated based on the derived effective RACH slot, effective RACH symbols and the number of FDMed RACH resources. 

1.2. Mapping rules of SSBs to the effective RACH resources/occasions 
Having the total number of RACH occasions within the RACH configuration period, it should be determined how to map each SS block to RACH occasion(s). If the number of RACH occasions per SSB is one, i.e. one-to-one mapping of SSB and RACH occasion, it is quite easy. In other words, SSBs are mapped to the RACH occasions in a sequential manner. If there are FDMed RACH occasions, than the SSBs are mapped frequency first and then time next manner as shown in the Figure 1, where PRACH preamble format with four symbol length, four RACH occasions in a slot in time, and the staring symbol index as 2 in a RACH slot are assumed. 
We would like to note that the period of RACH resource mapping pattern and the RACH configuration period can be different each other since the period of the RACH resource mapping pattern is determined based on the actual transmitted SSB and the mapping rules of SSBs to the effective RACH occasions. 
Proposal 4: 
· Having the total number of RACH occasions within the RACH configuration period, RACH occasions are indexed in a frequency-first and time-next manner. SSBs are mapped to the RACH occasions sequentially.

[image: ]
Figure 1. SSB to RACH occasion mapping

To make more general mapping rules, let us assume the following parameters: 
· X : total number of RACH occasions
· M : the number of RACH occasions per SSB
· Fd: the number of RACH occasions at the same time 

If a SSB is mapped to multiple of RACH occasions, i.e. one-to-many mapping, and the value of M is an integer with M>1. If Fd=1, it is quite simple that TDMed M RACH occasions are mapped to one SSB with sequential manner. If Fd>1, M RACH occasions are mapped to the SSB in the frequency-first and time-next manner. Preferably, M should be multiple of Fd so that single SSB is mapped to the FDMed RACH occasions at a given time. Otherwise, multiple SSBs are mapped on RACH occasions at the same time and it should be guaranteed that these are the directions that the network is able to receive at the same time.  
If multiple of SSBs are mapped to one RACH occasion, i.e. many-to-one mapping, and the value of M is 0<M<1. Denoting 1/M=N, N is the number of SSBs mapped to one RACH occasion. In this case, multiple SSBs are CDMed in one RACH occasion and it is assumed that these are the directions that the network is able to receive at the same time. Given that the preamble indices are allocated up to max, e.g. 64 in this RACH occasion, the preambles per SSB are mapped like comb-type in order to increase PRACH receiving performance assuming SDMed reception of PRACH preambles. In other words, if two SSBs are mapped to one RACH occasions, every other preamble indices are mapped to SSB. Actual cyclic shift assigned per SSB should be N*Ncs so that the PRACH preamble reception performance can be improved. 
We may consider mapping of multiple SSBs to multiple RACH occasions, however this way of mapping surely lead the complexity of specification work and implementation so we do prefer to excluding this type of mapping. 
Proposal 5: 
· Support one-to-one, one-to-many, many-to-one mapping of SSBs to RACH occasions. Not support many-to-many mapping of SSBs to RACH occasions. 
· In case that multiple SSBs are CDMed in one RACH occasion, the preambles per SSB are mapped like comb-type in this RACH occasion.

We need to consider further the details on the mapping of the SSB to RACH occasion considering RACH configuration period, SSB period, the total number of RACH occasions and the total number of actually transmitted SSBs. 

1.3. RACH resource group in relation to RA-RNTI
We would like to introduce RACH resource group as a set of RACH resources (occasions), where DCI(s) scheduling RAR(s) on the PRACH preambles on each of the RACH resource within the RACH resource group is masked with the same RA-RNTI. If the consecutively TDMed multiple RACH occasions are associated with the same SS block, RAR corresponding to the PRACH preambles transmitted on these RACH occasions can be transmitted at the same time. This means that RA-RNTI for those PRACH preambles should be the same. In addition, RA-RNTI allocation per RACH resources is somewhat excessive which may lead to a shortage of RA-RNTI considering the fact that up to 12 RACH resources per slot can be allocated. In other words, if TDMed multiple RACH resources are associated with the same SS block, RA-RNTI for PRACH preambles transmitted on these RACH resources should be the same.
The same rule can be applied to the FDMed multiple RACH occasions as long as the RA-RNTI can be shared among these FDMed RACH occasions and the single RAR corresponding to these RACH occasions can be transmitted. RACH resource group can be composed by a set of TDMed and/or FDMed RACH occasions and the same RA-RNTI is shared over the RACH resource group and up to [64] RAPIDs are allocated per RACH resource group. In addition, it should be explicitly or implicitly signalled how to form a RACH resource group, i.e. the number of TDMed RACH occasions and FDMed RACH occasions. 
As discussed above, RACH resource group can be formed based on the mapping of SSBs to RACH occasions. If M is larger than 1, multiplex RACH occasions in time and/or frequency can be a RACH resource group associated with a single SSB. Even further, RACH resource group covers multiple RACH occasions associated with multiple SSBs. If M is less than 1, a single RACH occasion can be a RACH resource group which is associated with multiple of SSBs. If M equals 1, a single RACH occasion is a RACH resource group associated with a single SSB. The constraint is that the maximum number of preambles per a SSB, RACH occasion or RACH resource group are always limited by [64] depending on the bit size of RAPID in RAR. 
Proposal 6: 
· Define RACH resource group as a set of RACH occasions sharing the same RA-RNTI
· DCI(s) scheduling RAR(s) on the PRACH preamble on each of the RACH resources within the RACH resource group is masked with the same RA-RNTI
· Network signals the number of RACH occasions in time and frequency per RACH resource group

1.4. Mapping rules of RACH preambles to RACH resources 
The number of RACH preambles per SSB and per RACH occasion
In order to map the PRACH preamble to RACH occasions, information that UE should know on the PRACH preambles and the supported range of values are shown in the following table. In addition, UE is able to calculate the number of PRACH preambles per RACH occasion based on the number of PRACH preambles for CBRA per SSB and the number of RACH occasions per SSB, where the number of RACH occasions per SSB is signalled. 
Proposal 7: 
· UE calculates the number of PRACH preambles per RACH occasion based on the signalled number of PRACH preambles for CBRA per SSB and the number of RACH occasions per SSB. 

Table 1: Supported range of values of RACH preambles
	Parameter
	Value
	Explanation for current suggestion (please check section 5 for detailed explanation)

	Number of PRACH preambles for CBRA per SSB

	{4, 6, 8, 16, 24, 32, 48, 64}
	This parameter is explicitly signalled by RMSI

	Number of PRACH preambles for CBRA and CFRA per SSB
	{8, 16, 32, 64}
	This parameter is explicitly signalled by RMSI

	Maximum number of PRACH preambles for CBRA per RACH occasion
	{[64]}
	This parameter is not explicitly signalled. Instead, the number of SSB associated to a RACH occasion is explicitly or implicitly signalled, which is related to PRACH preamble mapping rule. 

	Maximum number of PRACH preambles for CBRA and CFRA per RACH occasion
	{[64], [128 or 256]}
	The maximum number of PRACH preamble per RACH occasion should be determined for RAPID size, and [64] could be considered as baseline.
The large number (e.g. 128, 256) can be used only for beam recovery or any other purpose (with smaller value of CS and lightly loaded scenario). RACH resource configuration is separately configured for beam recovery, not by RMSI, and this is provided for the purpose of same configuration framework.



One-to-one & one-to-many mapping:
The number of preambles per RACH occasion (for CBRA) is calculated as the floor of the number of preambles for CBRA per SSB divided by M, if M>=1. If there is a non-zero remainder, remaining preambles not mapped to the RACH occasions should be allocated to a RACH occasion such as having the largest or smallest RACH occasion index associated with the SSB. Otherwise, the preambles are mapped by round-robin manner to the RACH occasions. For example, if the number of preambles per SSB is 48 and the number of RACH occasions mapped to a SSB, M is 4, then the number of preambles per RACH occasion becomes 12. On the other hand, if the number of preambles per SSB is 48 and the number of RACH occasions mapped to a SSB, M is 5, then at least 9 preambles can be used per RACH occasion(, though we should avoid this kind of case). And the three preambles can be mapped to each of three RACH occasions, in sequentially, assuming each of RACH occasion mapped to a SSB has its own RACH occasion index allocated frequency first and time next manner as elaborated above. 

Many-to-one mapping:
If M<1, i.e. multiple of SSBs are mapped to one RACH occasion, and if the same RA-RNTI is shared among the multiple of SSBs, the number of preambles per RACH occasion is bounded by [64], determined by the bit size of RAPID. If the sum of the preambles over the multiple SSBs is not greater than [64], UE can use the signalled number of preambles per SSB on the RACH occasion. However, if the sum of preambles over the multiple SSBs can be larger than [64], the number of preambles per SSB on the RACH occasion can be re-calculated by the UE in order not to exceed [64], such as evenly distributing the available preamble number. For example, if M is 1/4 and the number of preambles per SSB is 16, 16 preambles per RACH occasion is used since the sum of preambles per SSB over four SSBs is not greater than 64. If M is 1/4 and the number of preamble per SSB is 32, the number of preambles per SSB on the RACH occasion should be limited to 16. 
On the other hand, in case M<1 where the multiple SSBs are mapped to one RACH occasion, RA-RNTI can be assigned per SSB on the same time-frequency location. In other words, if M is 1/4 and the number of preamble per SSB is 32, 32*4 preambles can be used on the RACH occasion having SSB-specific RA-RNTI resulting separate RARs per SSB on the RACH occasion. It is highly related how to calculate the RA-RNTI, whether it counts the (virtual) SSB index. 
Observation: 
· In many-to-one mapping, RA-RNTI calculation may differ depending on whether RAR is transmitted per SSB or per RACH occasion. 

Mapping of preamble indices to RACH occasion and SSB
Having the number of preambles per SSB and the number of preambles per RACH occasion, mapping rule of preamble indices should be decided. PRACH preamble indices should be mapped within RACH resource group. Assuming that a single SSB is associated with a RACH resource group, the preamble indices are mapped over RACH occasions associated with the SSB. 
If M>=1, assuming that the number of preambles per RACH occasion is Npreamble_occasion and each RACH occasion has its own index, n, nth RACH occasion (where n=0, 1, …, M-1) has preamble indices {(0 to Npreamble_occasion -1)+ n* Npreamble_occasion }.
If M<1, assuming that a RA-RNTI is shared among the SSBs on the RACH occasion and the (calculated) number of preamble per SSB is Npreamble_SSB, preamble indices {(0 to Npreamble_SSB-1) + m * Npreamble_SSB} are allocated mth SSB, where m is the re-ordered SSB index based on the actually transmitted SSBs. Naturally, the RACH occasion has preamble index 0 to Npreamble_occasion, where Npreamble_occasion is possibly [64] in this case. 
On the other hand, RA-RNTI is assigned per SSB, preamble indices {0 to Npreamble_SSB-1} are allocated per SSB and the number of preambles per RACH occasion becomes m* Npreamble_SSB, where m is the number of SSBs mapped on the RACH occasion and Npreamble_SSB is the signalled value, the number of preambles per SSB.  

Mapping of preambles to RACH occasion/SSB
By default, PRACH preambles are assigned to a RACH occasion in the order of 
· Increasing cyclic shifts of a root index
· Increasing root index
If a RACH resource group is comprised with TDMed RACH occasions (consecutively) with Fd=1, PRACH preambles are assigned to the RACH resource group in the order of
· Increasing cyclic shifts of a root index
· Increasing root index
· Increasing time domain allocation (i.e. increasing RACH occasion index) 
If a RACH resource group is comprised with TDMed RACH occasions (consecutively) with Fd>1, PRACH preambles are assigned to the RACH resource group in the order of 
· Increasing cyclic shifts of a root index
· Increasing root index
· Increasing frequency domain allocation
· Increasing time domain allocation 
It is not yet clear whether preamble sequences themselves are the same for all RACH resource group. If they can be different per RACH resource group, in general, preambles are assigned in the order of
· Increasing cyclic shifts of a root index
· Increasing root index 
· Increasing frequency domain allocation if Fd>1
· Increasing time domain allocation 

RAR transmission
RAR transmission is highly correlated with what kind of factors are considered in calculation of RA-RNTI. As discussed already, RACH resource group is suggested as a base unit of RAR. In LTE, UE monitors RAR within the RAR window and tries to search PDCCH masked with RA-RNTI. RA-RNTI in LTE is calculated as, RA-RNTI = 1+T_id+10*F_id, where, T_id is subframe number and F_id is frequency position of RACH resource in TDD system. 
In NR, RA-RNTI for reception of RAR should be determined. It can be calculated in similar way as LTE and the way of deciding the value of T_id becomes more complex, which can be slot level resolution, symbol group index or symbol number index. In an extreme case, up to 12 of RA-RNTIs are calculated in a slot if T_id resolution is symbol level. With introducing RACH resource group, T_id for RA-RNTI is in terms of RACH resource group size in time, like as a function of slot index and starting symbol index within the slot. Similarly, F_id for RA-RNTI is in terms of RACH resource size in frequency, which may include virtual frequency position and the number of FDMed RACH resources, Fd. Additionally, as described in the previous section, (virtual) SSB index can be considered for the calculation of RA-RNTI. 
Proposal 8: 
· RA-RNTI is shared among RACH resources (occasions) within RACH resource group, for example, RA-RNTI is calculated in a similar manner as in LTE, 
· with some modifications on T_id as
· T_id is in terms of the size of RACH resource group in time, having unique value per RACH resource group
· T_id can be a function of slot index, starting symbol index within the slot, number of symbols, the number of slots, and/or the number of RACH occasions forming the RACH resource group in time 
· with some modifications on F_id as
· F_id is in terms of the size of RACH resource group in frequency
· F_id can be a physical/virtual frequency position of RACH resource group
· F_id may include the number of FDMed RACH resources, Fd
· (virtual) SSB index can be considered in calculation of RA-RNTI depending on the mapping of SSBs to RACH occasions where M<1

Timing Advance 
In the previous meeting, we made a working assumption on the timing advance in RAR as it granularity is based on the subcarrier spacing of the message 3 and we propose confirm the working assumption. 
Proposal 9: 
· Confirm the working assumption on the TA in RAR. 

Conclusion 
In this contribution, we discuss details on the PRACH configurations and RACH procedure. We proposed as follows: 
RACH resource association
Proposal 1: 
· Effective RACH slots are derived from the RACH configuration in consideration with the actually transmitted SSB indicated in the RMSI. 
Proposal 2: 
· Within the effective RACH slot, effective RACH symbols are derived based on the signalled RACH preamble format, the starting symbol index of a RACH slot and SFI indication. 
Proposal 3: 
· Total number of RACH occasions within the PRACH configuration period is calculated based on the derived effective RACH slot, effective RACH symbols and the number of FDMed RACH resources. 
Proposal 4: 
· Having the total number of RACH occasions within the RACH configuration period, RACH occasions are indexed in a frequency-first and time-next manner. SSBs are mapped to the RACH occasions sequentially.
Proposal 5: 
· Support one-to-one, one-to-many, many-to-one mapping of SSBs to RACH occasions. Not support many-to-many mapping of SSBs to RACH occasions. 
· In case that multiple SSBs are CDMed in one RACH occasion, the preambles per SSB are mapped like comb-type in this RACH occasion.
Proposal 6: 
· Define RACH resource group as a set of RACH occasions sharing the same RA-RNTI
· DCI(s) scheduling RAR(s) on the PRACH preamble on each of the RACH resources within the RACH resource group is masked with the same RA-RNTI
· Network signals the number of RACH occasions in time and frequency per RACH resource group
Proposal 7: 
· UE calculates the number of PRACH preambles per RACH occasion based on the signalled number of PRACH preambles for CBRA per SSB and the number of RACH occasions per SSB. 

RAR transmission
Proposal 8: 
· RA-RNTI is shared among RACH resources (occasions) within RACH resource group, for example, RA-RNTI is calculated in a similar manner as in LTE, 
· with some modifications on T_id as
· T_id is in terms of the size of RACH resource group in time, having unique value per RACH resource group
· T_id can be a function of slot index, starting symbol index within the slot, number of symbols, the number of slots, and/or the number of RACH occasions forming the RACH resource group in time 
· with some modifications on F_id as
· F_id is in terms of the size of RACH resource group in frequency
· F_id can be a physical/virtual frequency position of RACH resource group
· F_id may include the number of FDMed RACH resources, Fd
· (virtual) SSB index can be considered in calculation of RA-RNTI depending on the mapping of SSBs to RACH occasions where M<1

Timing Advance
Proposal 9: 
· Confirm the working assumption on the TA in RAR. 
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