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In this contribution, we discuss the following points regarding the RACH procedure:
· Association of SSB to RO
· Random access initiated by PDCCH order
· UL grant for Msg3
· RA-RNTI
This contribution is revised from R1- 1800898. There has been agreement in RAN1#90b to support only Single Msg1 for Rel 15 for contention based random access (CBRA). Our views on multiple preambles for contention-free random access (CFRA) are discussed in [1].
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SSB-to-RO associations
The associations between SS blocks and RACH occasions should map around invalid RACH occasions (ROs), thereby ensuring that every SS block is associated with a valid RACH occasion. 
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It has been proposed (see e.g. [6]) that if not all ROs within a RACH configurations period are needed to map all SSBs, then the SSB-to-RO mapping should be cyclically repeated. However, this unnecessarily reduces the control over the resources used for PRACH and complicates scheduling of other channels and can hence lead to waste of resources. If shorter interval between repetitions of the mapping are needed, it can instead be obtained by using a shorter RACH configuration period.
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On the other hand, in the case the mapping of SSBs would require more ROs than available in one RACH configuration period, the mapping should continue into the next RACH configuration period to allow mapping of all SSBs. In summary, we have:

[bookmark: _Toc506291926][bookmark: _Toc506301445][bookmark: _Toc506366462][bookmark: _Toc506366562][bookmark: _Toc506559396][bookmark: _Toc506559432][bookmark: _Toc506559984][bookmark: _Toc506567182][bookmark: _Toc506567198][bookmark: _Toc506567225][bookmark: _Toc506567359][bookmark: _Toc506567936]Mapping periodicity is minimum integer multiple of configured RACH configuration period such that all actually transmitted SSBs can be mapped within the time period. For every mapping periodicity, the first actually transmitted SSB in a SSB burst set is mapped to the first RACH occasion within the period.
DCI for PDCCH order
A random access procedure can be initiated by a PDCCH order initiated by the network with a “PDCCH order”; e.g., for synchronizing the UL prior to DL data transmission to allow transmission of, e.g., HARQ feedback when UL time alignment may have been lost. RAN2 has sent an LS to RAN1 requesting complete the remaining aspects of PDCCH order for initiation of random access. 
According to the LS [R1-1801073], RAN2 assumes that the PDCCH order should contain the following fields:
· Random Access Preamble index – Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· BWP index – Indicating which BWP to transmit the Random access preamble on
· SUL indicator – Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier
And based on the summary of remaining details on RACH procedure [6] the following agreement was proposed:
Proposed agreement:
· Design of DCI format for PDCCH order is covered by scheduling and HARQ
· Parameters to be included in the PDCCH order
· Random Access Preamble Index: 6-bits
· UL/SUL indicator: 1-bit
· BWP index?
· SSB-index/CSI-index?
· RO index?
In the following, we discuss how to identify the RO for the preamble transmission. The detailed discussion on DCI format and the other parameters in the DCI content can be found in our contribution [4]. 
The RO indication mechanism for PDCCH order should work for the cases where the UE and the network do not have the same interpretation of the best SSB for PDCCH order. It has been agreed that NR supports the following number of SSBs per RACH occasion: {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}. This implies that one SSB can be mapped to multiple ROs. For instance, when ssb_per_RO is set to 1/8, then, one SSB can be mapped to 8 ROs. Therefore, only using the SSB-index parameter is not sufficient for identifying a RO to use for the RACH transmission. 
On the other hand, if the ROs are numbered in the same way as SSB to RO mapping, i.e.,
1. In the order of increasing the number of frequency multiplexed RACH occasions and then
1. In the order of increasing the number of time multiplexed RACH occasions within a RACH slot
1. In the order of increasing the number of RACH slots
Then, only using the RO index parameter is sufficient for identifying the RO for PRACH transmission. Therefore, we propose to only use RO index parameter in the DCI for PDCCH order to signal the RO for PRACH transmission.
[bookmark: _Toc506559397][bookmark: _Toc506559433][bookmark: _Toc506559985][bookmark: _Toc506567183][bookmark: _Toc506567199][bookmark: _Toc506567226][bookmark: _Toc506567360][bookmark: _Toc506567937]Use only RO-index to indicate the RO for preamble transmission for PDCCH ordered random access procedure. There is no need to signal SSB-index/CSI-RS-index.
In Figure 1 and Figure 2, we give some examples on how the RO index can be used for signaling the RO for PDCCH order. 
In both figures, each colored box repents an RO, the text “SSBm(n)” in each box denotes a RO index number n within a RACH configuration period, and this RO is associated to SSB m. The RACH configuration period is assumed to be 80ms, and the SSB burst period is assumed to be 20ms. The number of SSBs transmitted in one SSB burst period is 8. Figure 1 shows two examples where not all ROs within a RACH configuration period are needed to map all SSBs. The remaining ROs within a RACH configuration are left unused. Figure 2 shows one example with ssb_per_RO =1/8, and two RACH configuration periods are needed to map all SSBs.
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Figure 1 All SSBs can be mapped within a RACH configuration period. 
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Figure 2 Two RACH configuration periods to map all SSBs
If all SSBs can be mapped in one RACH configuration period (the examples shown in Figure 1), then, a RO index number gives a unique RO to use for PRACH transmission. If more than one RACH configuration periods are needed to map all SSBs (the example shown in Figure 2), then, a RO index number gives a subset of ROs that can be used for PRACH transmission within the SSB mapping period. The exact RO to use for PRACH transmission depends on the timing for PRACH transmission, i.e., the minimum time gap between the PDDCH order and the transmission of PRACH.
Assuming that SSB mapping will not be cyclically repeated within a RACH configuration period, then, the maximum value of RO index that will be used for PDCCH order is 64*8, where 64 is the maximum number of SSBs within an SSB burst period, and 8 is the maximum number of ROs that can be configured for one SSB. This implies that at minimum 9 bits are needed for the RO index parameter in DCI for PDCCH order. 
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Note that the size of RO-index parameter can increase significantly if cyclically repeating the SSB mapping within a RACH configuration is allowed. For example, for a sub6GHz FDD system, based on the RACH configuration table, the maximum total number of ROs in a RACH configuration period can be 140*8, where 140 is the maximum number of RO time instances, and 8 is the maximum number of ROs in the frequency domain at a single time instance. This implies that 11 bits are needed to cover all ROs in one RACH configuration period.
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In LTE, it is possible to set the value of MASK index = 0 to allow for UE to use all possible ROs for preamble transmission, the UE then transmits preamble at the earliest possible RACH resource. The similar functionality can be supported for NR PDCCH ordered random access as well. For example, when the value of RO index is 0, all RO candidates associated to all transmitted SSBs are available to the UE for its preamble transmission. Then, the UE transmits preamble in the earliest possible RO according to the PRACH timing, if multiple RO are configured at RO time instance, i.e., prach_FDM is larger than 1, then, the UE should select the first RO in the frequency domain.
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UL grant for Msg3
It is decided in RAN1#91 that UL grant for Msg3 (included in RAR payload) is left to control channel session (Scheduling/HARQ agenda item). Our views on this subject has been submitted to [5]. 
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The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as [3GPP TS 38.321, v 15.0.0, section 5.1.3]:
[bookmark: _Hlk506369979]RA-RNTI= 1 + s_id + 14*t_id + 14*X*f_id + 14*X*Y*ul_carrier_id
where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < X), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < Y), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for normal carrier, and 1 for SUL carrier). The values X and Y are specified in TS 38.213 [2].
[bookmark: _Hlk506370020][bookmark: _Hlk506385235]As per agreements from RAN1#91, RA_RNTI can handle RAR window lengths of up to 10 ms. In RAN2 NR AH-1801, there is an agreement that RAR window length for single Msg1 to be 10 ms. Since X indicates the slot within a system frame (10 ms) and the number of slots depends on the SCS, e.g., 10 slots for 15 kHz SCS, 80 slots for 120 KHz SCS, we propose X to be largest possible value, which is 80. 
The value of Y depends on the maximum value of the parameter of “the number of RACH occasions FDMed in one time instance”. In RAN1 AH-1801, there is an agreement on this parameter
· For the separate configuration of the number of PRACH transmission occasions FDMed in one time instance for initial access, support:
· The value range of the 2-bit RRC parameter prach-FDM is {1,2,4,8}

     As proposed in [1], different RAR window length might be needed for multiple Msg1. This will affect what is the maximum value of X that is used for multiple msg1 case if the RAR window length is more than 10 ms. 
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· [bookmark: _Toc506385705][bookmark: _Toc506385726][bookmark: _Toc506385736][bookmark: _Toc506385971][bookmark: _Toc506386059][bookmark: _Toc506447188][bookmark: _Toc506448866][bookmark: _Toc506559401][bookmark: _Toc506559437][bookmark: _Toc506559989][bookmark: _Toc506567187][bookmark: _Toc506567203][bookmark: _Toc506567230][bookmark: _Toc506567364][bookmark: _Toc506567941]The X value is equal 80 (slots within a system frame corresponding to 120 kHz)
· [bookmark: _Toc506385973][bookmark: _Toc506386061][bookmark: _Toc506447189][bookmark: _Toc506448867][bookmark: _Toc506559402][bookmark: _Toc506559438][bookmark: _Toc506559990][bookmark: _Toc506567188][bookmark: _Toc506567204][bookmark: _Toc506567231][bookmark: _Toc506567365][bookmark: _Toc506567942]FFS value of X for multiple Msg1 if RAR window length is larger than 10 ms.
· [bookmark: _Toc506385706][bookmark: _Toc506385727][bookmark: _Toc506385737][bookmark: _Toc506385972][bookmark: _Toc506386060][bookmark: _Toc506447190][bookmark: _Toc506448868][bookmark: _Toc506559403][bookmark: _Toc506559439][bookmark: _Toc506559991][bookmark: _Toc506567189][bookmark: _Toc506567205][bookmark: _Toc506567232][bookmark: _Toc506567366][bookmark: _Toc506567943]The Y value is equal to 8 (i.e. the maximum number of FDMed RACH occasions in one RACH time instance).

By using maximum values in RA-RNTI equation: s_id=13, t_id=79, f_id=7, X=80, Y=8, ul_carrier_id=1, the value of RA-RNTI is 17921<<65536=2^16, to fit in 16 bit RA-RNTI, which is needed to scramble 16-bit/24-bit CRC. 
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[bookmark: _Hlk506566399][bookmark: _Hlk492593688]In this contribution, we made the following observations:
		
Observation 1	Cyclically repeating the SSB mapping in a RACH configuration period can lead to waste of resource and complicate scheduling of other channels.
Observation 2	At least 9 bits are required for indicating the RO for PDCCH order.
Observation 3	Cyclically repeating the SSB mapping in a RACH configuration period can lead to increased number of bits for signaling RO index signaling for PDCCH order.

[bookmark: _Hlk492593645]In this contribution, we made the following proposals:
Proposal 1	The association between SS blocks and RACH occasions (ROs) should map around invalid ROs.
Proposal 2	The SSB mapping is not repeated within a RACH configuration period. If not all ROs within the RACH configuration period are needed to map all SSBs, the remaining ROs are left unused.
Proposal 3	Mapping periodicity is minimum integer multiple of configured RACH configuration period such that all actually transmitted SSBs can be mapped within the time period. For every mapping periodicity, the first actually transmitted SSB in a SSB burst set is mapped to the first RACH occasion within the period.
Proposal 4	Use only RO-index to indicate the RO for preamble transmission for PDCCH ordered random access procedure. There is no need to signal SSB-index/CSI-RS-index.
Proposal 5	The RO-index consists of 9 or 10 bits, and it is used to indicate the RO for PDCCH ordered PRACH transmission.
Proposal 6	Define a UE behavior such that when all ROs are available for PDCCH ordered PRACH transmission, then, the UE should transmit PRACH at the earliest possible RO in the time domain and the first RO in the frequency domain.
Proposal 7	In equation RA-RNTI= 1 + s_id + 14*t_id + 14*X*f_id + 14*X*Y*ul_carrier_id
	The X value is equal 80 (slots within a system frame corresponding to 120 kHz)
	FFS value of X for multiple Msg1 if RAR window length is larger than 10 ms.
	The Y value is equal to 8 (i.e. the maximum number of FDMed RACH occasions in one RACH time instance).
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