Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk524960236]3GPP TSG-RAN WG1 Meeting #99		 R1-1912671
Reno, USA, November 18th – 22nd, 2019

Agenda Item:	7.2.1.1 
Source:	Ericsson
Title:	Channel Structure for Two-Step RACH
Document for:	Discussion, Decision
[bookmark: _Ref178064866]Introduction
This paper discusses msgA channel structure for 2-step RACH [1]. The performance of DMRS various numbers of scrambling initializations is investigated in order to determine the maximum number of scrambling initializations that should be specified. Furthermore, how the preambles are mapped to the PUSCH resource units and how the SSBs are mapped to time domain PUSCH occasions are discussed. Then some aspects related to NR-U for the msgA slot structure and PUSCH resource determination are considered. Finally, DMRS port determination and sequence generation, and how RNTI is determined for msgB are discussed. Use cases and scenarios to target the msgA design are studied in a companion paper [2].
msgA structure
One of the key requirements for msgA structure is that it supports low latency. In both licensed and unlicensed operation in NR-U, this is enabled by minimizing the duration of PRACH and PUSCH components of msgA. However, for NR-U, one of the main benefits of the 2-step RACH is the reduced need of listen-before-talk (LBT) operations compared to the 4-step RA procedure. In case msgA would need two LBTs, much of the benefit of the 2-step RACH would disappear. Therefore, it is of vital importance that msgA can be transmitted using only one LBT, i.e. that there is no gap between PRACH and PUSCH longer than 16 µs. Mechanisms to minimize LBT and to support NR-U in general are discussed in more detail in section 2.3.
Observations:
· For both licensed and unlicensed operation, msgA configurations should support transmission in as few symbols as possible to meet the lowest latency requirements.
· For NR-U, it is important that msgA can be transmitted using only one LBT, and therefore that there are no gaps within msgA longer than 16µs.
On the number of scrambling initializations in a PUSCH occasion
In RAN1#98, it was agreed to support the use of both DMRS ports and DMRS sequences for the definition of a PRU. However, it was left open how many sequences should be supported. In this section we study the benefit of various numbers of scrambling sequence initializations.
In Figure 1, we show results where UEs are randomly dropped within the system and mapped to a gNB based on the link gain. In every slot, UEs are randomly activated. An active UE will randomly select a PRU for every transmission attempt. The UE will here have at most 4 attempts to transmit a packet. If 4 all attempts fail, the packet will be indicated as dropped. If an active UE is randomly selected to be activated, it will start to transmit the new packet when all previous activations are finished. The power control target is P0= -110 dBm. The figure compares 2 POs with 8 PRBs per PO and from 1, 2 and 4 DMRS scrambling sequence initializations with and without 3 dB power ramping for every re-attempt. A transport block size of 72 bits is used. The maximum DMRS scrambling (NID) in each plot corresponds to 64 PRUs. With fewer DMRS scrambling initializations there are fewer PRUs and larger probabilities for collision. If the collision rate limits the BLER, it will also result in a higher drop rate. Each gNB has 4 receive antennas. A UMi scenario is simulated. Additional simulation assumptions are given in Table 1 in the Appendix. 
In the curves at 1% drop rate, the performance monotonically increases with the number of DMRS scrambling sequence initializations, where the increases are greatest for the smallest number of sequences. Alternatively, it can be observed that there is relatively small loss by reducing the DMRS scrambling sequence initializations by a factor of 2 going from 64 to 32 PRUs. When reducing the PRUs further, the performance becomes limited by the collision rate. The difference in number of PRUs is similar regardless if power ramping is used or not.
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[bookmark: _Ref20854360] Figure 1: Drop rate vs. load for different number of DMRS scrambling initializations.
Observations:
· In bandwidth limited cases where few POs can be supported, a higher number of scrambling sequences can improve performance.
· In cases where multiple POs can be supported, the gains of additional scrambling sequences can decrease.
· The performance generally increases with the number of scrambling sequences even when multiple POs can be supported.
Different DMRS scrambling can be implemented using Rel-15 sequences, but with different DMRS sequence initialization, as discussed in section 2.4.2. Therefore, we propose:
Proposal:
· Specify support for at most [4] or [8] scrambling initializations per PRU
Preamble to PUSCH resource unit mapping
Two msgA PUSCH configurations and corresponding PUSCH occasions are illustrated in Figure 2 below. Here, the msgA PUSCH configuration spans two slots, and a PUSCH occasion can have one of 2 sizes occupying K=4, or K=8 PRBs and 7 OFDM symbols. Each PUSCH occasion contains 2 PUSCH resource units associated with a DMRS configuration (a DMRS port and/or a DMRS sequence initialization) shown as ‘DMRS0’ and ‘DMRS1’. The preambles somehow need to be mapped to PUSCH occasions and PUSCH resource units, and this is facilitated by numbering the PUSCH RUs. Two groups of preambles are defined, one for each msgA PUSCH configuration, i.e. the number of preamble groups and the number of msgA PUSCH configurations are aligned as stated in section 3 in our procedure contribution [5].
The following factors should be considered when numbering the PUSCH RUs:
· DMRS antenna ports and/or scrambling
· PUSCH occasions FDMed,
· PUSCH occasions TDMed
· PUSCH occasions for each PO size

In RAN1 #98bis meeting, following agreements have been made for the mapping order between preamble and PRU.

Agreements:
· The ordering of the msgA PRACH preambles within an msgA association period is
· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
· The PRACH preambles are mapped to valid PUSCH resource units (PRUs) within an msgA association period in the following order:
· First, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Second, in increasing order of DMRS indexes within a single PUSCH occasion
· FFS DMRS indexes for DMRS ports and/or sequences 
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot
· Fourth, in increasing order of indexes for PUSCH slots
· For multiple configurations, the mapping is between the PRUs under each msgA PUSCH configuration and the preambles in the corresponding preamble group
· Each msgA PUSCH configurations can identify sub-sets of DMRS port/sequence combination
One remaining issue is the order of DMRS port and DMRS sequence, for which we have no strong view since all the defined ports and sequences will anyway be mapped to some preambles. Another remaining issue is that when the mapping ratio ‘M’ between the preamble and PRU is more than one, how to map the M preambles needs to be decided. To still keep the agreed frequency first ordering with the property that orthogonal preamble sequences are mapped to different POs in frequency, the M preambles can be in the 3rd step, i.e. after the DMRS sequence and DMRS port step. It should not be after the time resource mapping, since adjacent preambles tend to map to the same SSB, and then one PO could correspond to multiple SSBs, which could degrade beamforming performance. And all the SSBs in a SSB to preamble mapping period should be mapped to POs in each msgA PUSCH configuration. Note that in Rel-15, the preamble group is defined per SSB index. Similarly, in the example in Figure 2, we have 16 preambles for one preamble group for the first msgA PUSCH configuration and 8 preambles for another preamble group for the second msgA PUSCH configuration per SSB, and totally 24 preambles are allocated for the two preamble groups per SSB index.

According to above discussions, a mapping order from the preamble to the PUSCH RUs can be as described as below considering all SSB indexes and all msgA PUSCH configurations:
· Step 1: Map to frequency of PUSCH occasions
· Preambles are first mapped to cyclic shifts, which can be orthogonal. So, preambles mapped to different frequency PUSCH occasions can be orthogonal, like the PUSCH occasions.
· Step 2: Map to antenna ports and/or DMRS scrambling of PUSCH RUs, 
· Preambles are secondly mapped to root indices, which are not orthogonal, like a PO mapped to different DMRS.
· Step 3: If M preambles are not mapped to each PUSCH RU, then go to step 1.
· Step 4: Map to the next PUSCH occasion in time for the current SSB
· Different SSBs can map to different PUSCH symbols
· Step 5: Map another preamble group for the current SSB for another PUSCH configuration using the above 4 steps
· Multiple PUSCH configurations should be able to correspond to an SSB, and should be equal to the number of preamble groups
· Step 6: Go back to step 1 to map preambles to other SSB indices

Proposal:
· The number of preamble groups should be aligned with the number of msgA PUSCH configurations
· Use the five-step procedure below to map preambles in each preamble group per SSB index to PUSCH resource units in each corresponding PUSCH group in a predetermined order:
· Step 1: Map to frequency of PUSCH RUs,
· Step 2: Map to antenna ports and/or DMRS scrambling of PUSCH RUs, 
· Step 3: If M preambles are not mapped to each PUSCH RU, then go to step 1,
· Step 4: Map to the next PUSCH occasion in time for this SSB,
· Step 5: Go back to step 1 to map preambles to next msgA PUSCH configuration
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[bookmark: _Ref8667661] Figure 2: Preamble to PRU mapping for two configurations 
As is shown in Figure 2, preambles in a first RACH occasion map to SSB0 and SSB1, while those in a second RACH occasion map to SSB2 and SSB3. Since there are 12 PRUs per SSB, and 2 PRACHs are mapped to each PRU, 24 preambles are needed for each SSB. Therefore only 48 out of 64 preambles in a RACH occasion are needed to support this example msgA PUSCH configuration. It can be observed that an integer number of preambles can’t be mapped to the 12 PRUs such that there are 64 preambles. Therefore, a mechanism is needed to map a subset of preambles in a RACH occasion to PRUs.
Given that TDM msgA POs are used, the next question is how many to TDM. Since there can be at most 7 ROs TDM’d in a PRACH slot, supporting the same maximum number of TDM’d POs in a msgA PUSCH set would allow the PUSCH to have the same amount of TDM’d SSBs as the PRACH.
Observation:
· Supporting a number of TDM’d POs in a msgA PUSCH slot equal to the maximum number of ROs in a PRACH slot allows the same amount of TDM’d SSBs as the PRACH.
Proposal:
· The maximum number of TDM’d POs per subcarrier is roughly the maximum number of ROs in a PRACH slot.
[bookmark: _Ref21117121]Considerations for NR-U
msgA transmission in single PRACH slot and LBT minimization
In RAN1 #96bis meeting, the agreements below have been made to further study whether to support msgA PUSCH and msgA preamble in one single slot, and if supported, down-select the options to determine the msgA numerologies. 
Agreements:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported
As is discussed in [2], NR-U is at least one of the main use cases of 2-step RACH especially if only one single LBT is needed for msgA. UEs may need to perform LBT if they stop transmitting for e.g. more than 16us. Such gaps in transmission can occur before the PRACH, between the PRACH and the PUSCH, and after the PUSCH. Since Type B PUSCH transmission is supported for 2-step RACH, the PUSCH can be positioned at the beginning of a slot. If PRACH can be restricted to occupy the last RO in a RACH slot, then the gap between PRACH and PUSCH can be zero or sufficiently small to avoid LBT. Gaps before the PRACH or after the PUSCH can also be filled in by Type B PUSCH scheduling or other downlink or uplink physical channels according to gNB implementation. Therefore, the only requirement for relatively efficient operation is to allow PRACH to be restricted to the end of a RACH slot. Mechanisms to support this restriction to the end of a RACH slot are discussed in detail in [5].
Another way to reduce LBT is to extend the cyclic prefix of a PUSCH that is immediately prior to a RACH slot. In RAN1#98bis, it was agreed to for configured grant operation in NR-U to extend the cyclic prefix by up to 72 µs in multiples of 9 µs:
Agreement:
The starting time offset applied by a UE at the beginning of a transmitted burst with a CG resource at the start of the transmission burst, is RRC configured and defined as the length of a CP extension of the first symbol that is located before the configured resource 
· Regardless of SCS, the CP extension is up to 72 micro seconds with a granularity of 9 micro seconds
CP extension in this way can be used to mitigate the gap at the end of a preceding RACH slot, thereby avoiding LBT between the RACH and PUSCH slots. LBT is of course still required at the beginning of the MsgA transmission. Since CP extension is up to 72 µs, roughly one or two symbols for 15 or 30 kHz subcarrier spacing can be mitigated. This allows additional Rel-15 RACH configurations to be used for 2-step RACH without LBT between the RACH and PUSCH slots. Without CP extension for FR1 in unpaired operation (in Table 6.3.3.2-3 of TS 38.211), only RACH format B4 occupies the last OFDM symbol of the slot. However, this format is not a good match for the small cells typically used for NR-U, since it is 12 symbols long. If the full 72 µs CP extension is used, formats A2, A3, B4, and C2 can be used for 30 kHz subcarrier spacing, while formats A2, A3, B4, can be used for 15 kHz SCS. Formats A2, A3, and C2 are 4, 6, and 6 symbols long, respectively, and so are better suited to NR-U. However, the 2 symbol long formats such as A1 are not enabled by CP extension, nor are the A1/B1, A2/B2, and A3/B3 formats. If we exclude format B4, there are only 10 and 16 of the 256 entries of Table 6.3.3.2-3 that are usable with 72 µs CP extension for 15 and 30 kHz SCS, respectively. If we further restrict to 4 symbol long formats, only 5 entries, all for format A2 are usable for both 15 and 30kHz SCS. Therefore, while CP extension can make it possible to use PRACH formats other than the longest ones, there is a very limited set of the PRACH configurations available in Rel-15 that can be used without extra LBTs. Therefore, while CP is a quite important feature to specify to reduce LBT in 2-step RACH, additional mechanisms are needed to support more than a small fraction of the PRACH configurations that are available in Rel-15. CP extension is useful in Idle/Inactive states as well as RRC connected, and so it should be signaled in both common control signaling and UE specific control signaling.
Observation:
· If CP extension is not used, only the PRACH formats 12 symbols avoid extra category 1 LBT in NR-U 
· Only these formats end within the last 16 µs of the slot
· CP extension can allow 4 or 6 symbol long PRACH formats to be used without extra CAT2 LBT, but the allowable configurations are a small fraction of the 256 available in Rel-15
· Formats A2, A4, and C2 can be used, but not A1, A1/B1, A2/B2, nor A3/B3
· The 4 symbol format, A2, has only 5 of the 256 configurations that can be used
· Therefore, while CP is a quite important feature to specify to reduce LBT in 2-step RACH, additional mechanisms are needed to support more than a small fraction of the PRACH configurations that are available in Rel-15.
Proposals
· Support CP extension for 2-step RACH
· Allow cyclic prefix extension by up to 72 µs in multiples of 9 µs, as is supported for Rel-16 NR-U configured grant
· Support indication of the CP extension duration in SIB1 and UE specific RRC signaling
· Additionally support mechanisms to restrict RACH occasions to the end of a RACH slot, as described in [5].
Transmitting both PRACH and PUSCH in a slot has implementation challenges, as has been discussed before in earlier RAN1 meetings. For example, it can be difficult for a UE to support more than one subcarrier spacing in a slot. Also, if PRACH and PUSCH are transmitted at different power, the UE may need some time for the power to settle. Furthermore, if the PRACH is powered up to match the PUSCH power in a slot, the preambles may produce unnecessary interference when PRACH requires less power than PUSCH, while on the other hand if PRACH is transmitted at a lower power than PUSCH, other devices sharing the carrier may miss the presence of the transmission and transmit during the PRACH transmission thus causing excess interference. Therefore, while same slot transmission for msgA PUSCH and PRACH has some natural appeal, it is not clear that it is beneficial when implementation and LBT behavior are taken into account.
Proposal
· Unless gains of single slot PRACH + PUSCH transmission can be shown taking into account UE implementation limitations and LBT behavior, do not specify single slot msgA PRACH +PUSCH in Rel-16.
Interlaced msgA PUSCH 
In RAN1 AdHoc 1901 meeting, the agreements below have been made to support interlaced PUSCH and PUCCH for NR-U. 
Agreement:
For interlace transmission of at least PUSCH and PUCCH, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth:
a.	15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace
b.	30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace
Note: PRACH design to be considered separately, including multiplexing aspects with PUSCH and PUCCH
Later in the RAN1 #98 meeting, these further agreements have been made on indication of the interlace resource in NR-U discussions:
Agreement:
· For interlaced PUSCH transmission in a BWP, X bits of the PUSCH frequency domain resource allocation field are used for indicating which combination of M interlaces is allocated to the UE.
· This applies to PUSCH of the following types:
· Msg3 PUSCH
· PUSCH Scheduled by fallback and non-fallback DCI
· Type 1 and Type 2 Configured Grant PUSCH
· For 30 kHz SCS
· Support X = 5 (5-bit bitmap to indicate all possible interlace combinations)
· For 15 kHz SCS
· Down-select between the following two alternatives:
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations
Lastly, in the RAN1 #98bis meeting support for interlaced PUSCH in 2-step RACH was agreed:
Agreements:
· When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion is allocated N interlace(s) in frequency
· FFS N and starting interlace index
· FFS whether the N interlace(s) are consecutive
Firstly, we observe that both interlaced PUSCH and Rel-15 PUSCH are supported in NR-U, so an indication that MsgA PUSCH interlace are used or not is needed both in SIB1 and dedicated RRC signaling to support both idle/inactive and RRC_CONNECTED UEs. 
Two step RACH for NR-U must also support resource allocation using PUSCH interlaces. Since msgA POs are agreed to be composed of M contiguous PRBs (possibly with a guard band), each PO should be composed of N consecutive interlaces. The starting PRB will also need to be indicated, and should correspond to a starting interlace. If guard bands are needed, these will need to be allocated in units of interlaces, and should be between adjacent POs, but not within the POs. The detailed mechanism for how the interlaces are signaled may depend on which of the Alt-1 and Alt-2 interlace signaling approaches are specified, and so can be FFS for now. Once the POs are constructed from the PUSCH interlaces, the same mapping of preambles to PRUs can be used: POs formed from PUSCH interlaces happen to be distributed in frequency, while POs formed from normal PUSCH are localized, but the mapping to POs is not affected by this. 
The msgA PUSCH interlace configuration approach with and without a guard band is illustrated below. A msgA PUSCH configuration for ten interlaces with 4 different PUSCH occasions (0-3) and without guard interlaces is shown in the Figure 3. The starting interlace is the second interlace, so the first interlace is unallocated. The last interlace is also unallocated because there is no room for a full PO after PO#3.
[image: ]
[bookmark: _Ref21023613]Figure 3: PO mapping to PUSCH Interlace Alt. 1
Figure 4 is similar, but allows unallocated interlaces to be used anywhere except within a PO. Here, 6 POs are defined, with the first, fourth, seventh and tenth interlaces being unallocated. It would be possible to constrain unallocated interlaces to always fall between each PO, but this would force higher overhead and so is undesirable.
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[bookmark: _Ref21023733]Figure 4: PO mapping to PUSCH Interlace Alt. 2
Proposal:
· When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion in a msgA PUSCH configuration is composed of N PUSCH interlaces
· The minimum value of N is 1
· FFS the maximum value of N
· Alt 1: Each PO is allocated N consecutive interlaces and a starting interlace index
· [bookmark: _Hlk20831766]One or more unallocated interlaces may be between adjacent POs in frequency
· FFS: how to indicate starting and unallocated interlace(s), and position within the allocated interlace(s)
· Alt 2: Same as Alt 1, except there are no unallocated interlaces between adjacent POs in frequency
· Note: Guard PRBs between POs are not explicitly specified; gNB implementation can decide not to allocate interlace(s) to msgA POs.
· Preamble to PO mapping is independent of whether or not interlaced mapping is configured

DMRS sequence generation for msgA PUSCH
It has been agreed in RAN1 #98 meeting to configure multiple DMRS sequences at least for CP-OFDM. This section provides methods on DMRS port determination and DMRS sequences generation for msgA PUSCH with CP-OFDM and DFT-s-OFDM. 
Agreements:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
· FFS whether/how to support multiple sequences for DFT-s-OFDM
· The conditions under which only DM-RS ports are to be specified. FFS details
DMRS port determination
As is known that in Rel-15, the DMRS port for msg3 is always 0. By contrast, it has been agreed in Rel-16 for 2-step RACH operation that different DMRS ports, different DMRS sequence initialization, or a combination of the two will be used for PUSCH RUs occupying the same PO. Some mechanism is therefore needed to determine the DMRS port and sequence initialization to be used for each PUSCH RU.
The maximum number of DMRS ports is a function of the DMRS configuration in Rel-15 NR, which can be multiplexed using 3 different mechanisms: 
· frequency domain multiplexing (FDM) where different ports occupy different subcarriers, 
· code domain multiplexing in frequency (FD-CDM) where ports are spread over subcarriers OFDM symbols, 
· code domain multiplexing in time (TD-CDM) where ports are spread over OFDM symbols.
These 3 different multiplexing methods are not equally robust to different impairments. Ports multiplexed with FD-CDM will mutually interfere in the presence of delay spread in a radio channel, while ports multiplexed with TD-CDM will mutually interfere when there is a Doppler shift or spread in the channel. FDM is more robust than FD-CDM or TD-CDM, since the cyclic prefix tends to mitigate inter-subcarrier interference, although large Doppler shifts or large timing offsets will lead to inter-subcarrier interference.
Since different DMRS ports interfere differently according to how they are multiplexed, it can be beneficial to use a subset of antenna ports that is multiplexed in the most robust way.
So, a subset of antenna ports for msgA PUSCH transmission is constructed 
· by first including the first antenna port in each CDM group of the DMRS configuration in the subset
· then including the second antenna port in each CDM group in the subset, and so on until the subset contains the desired number of ports.
· The ports in each CDM group occupy a set of subcarriers that is not occupied by other CDM groups.
Proposal
· A subset of antenna ports for msgA PUSCH transmission is constructed 
· first by including the first antenna port in each CDM group of the DMRS configuration in the subset
· then by including the second antenna port in each CDM group in the subset, and so on until the subset contains the desired number of ports.
[bookmark: _Ref16626790]DMRS Sequence generation
When transform precoding is disabled, the DMRS sequence  used for msgA PUSCH can be generated according to clause 6.4.1.1.1.1 of 3GPP TS 38.211 V15.6.0 as the following:
Using same formula:

.

where the pseudo-random sequence  is defined in clause 5.2.1 of 3GPP TS38.211 V15.6.0. The pseudo-random sequence generator shall be initialized with


where  is the OFDM symbol number within the slot,  is the slot number within a frame, and
-	; 
-	can be a function of Cell ID of current cell  and preamble id  of the preamble mapped to corresponding PUSCH occasion.
The quantity  can be configured or fixed in specification.
Proposal:
· When transform precoding is disabled, same formula for normal PUSCH is used for the msgA PUSCH DMRS sequence generation, the  can be a fixed value, and the  can be a function of cell ID, corresponding preamble ID, an index of the PRU, or the number of distinct PO sizes.
When transform precoding is enabled, for msgA PUSCH transmission, the reference-signal sequence  may be generated according to clause 6.4.1.1.1.1 of 3GPP TS 38.211 V15.6.0 using:


where  is given by clause 5.2.2 of 38.211 V15.6.0 with  ,and  may be determined based on the preamble ID and/or the ID of the PRU and a set of values for one or more of these 3 parameters.
Proposal:
· When transform precoding is enabled, the same formula as for normal PUSCH is used for the msgA PUSCH DMRS sequence generation;  may be determined based on the preamble ID and/or the ID of the PRU.

msgB RNTI design
While RNTI design is in many senses a RAN2 issue, it does have RAN1 impacts. Also, RNTI designs may depend on RAN1 design details, such as PRACH mapping to symbols, slots, and frequency which are not really within RAN2’s expertise. Therefore we introduce our msgB RNTI designs here, although the detailed design can be found in [4].
At the last RAN2 meeting, a number of agreements were made which affect the msgB RNTI design:
· No UE specific RNTI will be designed for 2-step RACH in case CCCH SDU was included in MsgA.
and 
· Legacy UEs are not required to decode msgB.
Furthermore, RAN1 LS R1-1911656 states that 
· For 2-step RACH, no new CORESET for MsgB is defined. 
This means that both using the legacy RA-RNTI as msgB RNTI or using a UE specific RNTI for msgB are off the table. Therefore, a new RNTI design that separately identifies msg2 from msgB and that can support multiple UEs multiplexed on one RAR is needed.
Having a msgB RNTI based on the location of ROs will enable multiplexing of UEs transmitting preambles in the same RO. This would be in line with legacy 4-step behavior and we believe this is the preferable approach. However, basing the msgB RNTI only on the RO time/frequency location will have the drawback that several SuccessRARs with RRC cannot be transmitted in the same slot. The reason for this is that all preamble transmissions in the same RO will generate the same msgB RNTI. Multiplexing of SuccessRARs with RRC is precluded in RAN2 since it may result in message sizes which would jeopardize coverage, while if MsgBs with RRC are transmitted separately, each PDSCH can be adapted independently for good coverage. In the last RAN2 meeting, discussions of a UE specific RNTI resulted in that UE specific msgB RNTIs was not pursued due to the relatively large extension of the used RNTI space (as the msgB RNTI space was suggested to be above the RA-RNTI space). However, increasing the msgB RNTI granularity per RO to allow transmission of several SuccessRARs with RRC in the same slot could be done also without increasing the RNTI space if preamble id is included in the msgB RNTI calculation. We discuss approaches for this below.
Observations:
· RAN2 agreements restrict a RAR containing RRC to be for a single UE
· If only one msgB RNTI per RO is specified, in a given slot, PDCCH can only schedule one UE from an RO, which essentially precludes ‘true’ two step operation.
· The UE must wait to be scheduled in a later step for its RRC message.
The Rel-15 RA-RNTI equation depends on the starting symbol (‘s_id’), slot (‘t_id’), frequency domain resource (‘f_id’), and selected SUL/non-SUL carrier (‘ul_carrier_id’) of the RACH occasion containing the UE’s selected preamble.
RA-RNTI = 1 + s_id mod 14 + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
Since there is only one starting index s_id per RACH occasion, this means that adding a shift of ‘p_offset’ to the RA-RNTI equation by p_offset (where p_offset is less than the length of the PRACH in symbols) will not collide with any RA-RNTI value for this RACH configuration. This could be expressed as:
	p_offset = preamble_id mod N_offset 
where
· preamble_id is the index identifying the random access preamble
· N_offset is the number of preamble sets that can be indicated 
Therefore, there are a number of unused RA-RNTI values within the range occupied by RA-RNTI, and it is not necessary to waste values above the RA-RNTI range for msgB. Values of p_offset>1 can be used to determine msgB RNTIs for multiple UEs transmitting in one RO. There are multiple ways to design such msgB calculations. One simple way is to add an offset to RA-RNTI, while another that compresses the RA-RNTI space as much as possible is to consecutively number ROs, but exclude those that conflict with RA-RNTI. Both approaches are described in detail in [4].
Observations:
· Using the starting symbol of a RACH occasion leads to unused RA-RNTIs less than the maximum value of RA-RNTI
· A shift by less than the number of symbols in a RACH occasion will not collide with other RA-RNTI values
· Unused RA-RNTI values can be used for msgB to identify multiple UEs transmitting in a RACH occasion
· Distinct msgB RNTI values for one RO can be produced by including a shift calculated from the preamble transmitted by the UE.
As discussed in our RAN2 contribution [4], we have following proposals:
Proposals:
· Consecutive numbering of ROs and replacing numbers colliding with the configured RA-RNTIs is used as basis for msgB RNTI calculation.
· Multiple msgB RNTIs are associated with each RO.
· A modulo division of the preamble index is added to the lowest value of the MsgB RNTI that is associated with a given RO.
Conclusion
In this contribution, we investigated the structure of PUSCH occasions, evaluating the maximum number of DMRS scrambling initializations that should be specified, considering how the preambles are mapped to the PUSCH resource units and how the SSBs are mapped to time domain PUSCH occasions. Methods to support NR-U in the msgA slot structure and how PUSCH resource determination might be accomplished for NR-U were provided. Finally, DMRS port determination and sequence generation, and how RNTI is determined for msgB are considered. We draw the observations below, leading to the following proposals. 
Observations:
1. For both licensed and unlicensed operation, msgA configurations should support transmission in as few symbols as possible to meet the lowest latency requirements.
2. For NR-U, it is important that msgA can be transmitted using only one LBT, and therefore that there are no gaps within msgA longer than 16µs.
3. In bandwidth limited cases where few POs can be supported, a higher number of scrambling sequences can improve performance.
4. In cases where multiple POs can be supported, the gains of additional scrambling sequences can decrease.
5. The performance generally increases with the number of scrambling sequences even when multiple POs can be supported.
6. Supporting a number of TDM’d POs in a msgA PUSCH slot equal to the maximum number of ROs in a PRACH slot. allows the same amount of TDM”d SSBs as the PRACH.
7. If CP extension is not used, only the PRACH formats 12 symbols avoid extra category 1 LBT in NR-U 
· Only these formats end within the last 16 µs of the slot
8. CP extension can allow 4 or 6 symbol long PRACH formats to be used without extra CAT2 LBT, but the allowable configurations are a small fraction of the 256 available in Rel-15
· Formats A2, A4, and C2 can be used, but not A1, A1/B1, A2/B2, nor A3/B3
· The 4 symbol format, A2, has only 5 of the 256 configurations that can be used
9. Therefore, while CP is a quite important feature to specify to reduce LBT in 2-step RACH, additional mechanisms are needed to support more than a small fraction of the PRACH configurations that are available in Rel-15.
10. RAN2 agreements restrict a RAR containing RRC to be for a single UE
11. If only one msgB RNTI per RO is specified, in a given slot, PDCCH can only schedule one UE from an RO, which essentially precludes ‘true’ two step operation.
· The UE must wait to be scheduled in a later step for its RRC message.
12. Using the starting symbol of a RACH occasion leads to unused RA-RNTIs less than the maximum value of RA-RNTI
· A shift by less than the number of symbols in a RACH occasion will not collide with other RA-RNTI values
13. Unused RA-RNTI values can be used for msgB to identify multiple UEs transmitting in a RACH occasion
· Distinct msgB RNTI values for one RO can be produced by including a shift calculated from the preamble transmitted by the UE.
 Proposals:
1. Specify support for at most [4] or [8] scrambling initializations per PRU
2. The number of preamble groups should be aligned with the number of msgA PUSCH configurations
3. Use the five-step procedure below to map preambles in each preamble group per SSB index to PUSCH resource units in each corresponding PUSCH group in a predetermined order:
· Step 1: Map to frequency of PUSCH RUs,
· Step 2: Map to antenna ports and/or DMRS scrambling of PUSCH RUs, 
· Step 3: If M preambles are not mapped to each PUSCH RU, then go to step 1,
· Step 4: Map to the next PUSCH occasion in time for this SSB,
· Step 5: Go back to step 1 to map preambles to next msgA PUSCH configuration
4. The maximum number of TDM’d POs per subcarrier is roughly the maximum number of ROs in a PRACH slot.
5. Support CP extension for 2-step RACH
· Allow cyclic prefix extension by up to 72 µs in multiples of 9 µs, as is supported for Rel-16 NR-U configured grant
· Support indication of the CP extension duration in SIB1 and UE specific RRC signaling
6. Additionally support mechanisms to restrict RACH occasions to the end of a RACH slot, as described in [5].
7. Unless gains of single slot PRACH + PUSCH transmission can be shown taking into account UE implementation limitations and LBT behavior, do not specify single slot msgA PRACH +PUSCH in Rel-16.
8. When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion in a msgA PUSCH configuration is composed of N PUSCH interlaces
· The minimum value of N is 1
· FFS the maximum value of N
· Alt 1: Each PO is allocated N consecutive interlaces and a starting interlace index
· One or more unallocated interlaces may be between adjacent POs in frequency
· FFS: how to indicate starting and unallocated interlace(s), and position within the allocated interlace(s)
· Alt 2: Same as Alt 1, except there are no unallocated interlaces between adjacent POs in frequency
· Note: Guard PRBs between POs are not explicitly specified; gNB implementation can decide not to allocate interlace(s) to msgA POs.
9. Preamble to PO mapping is independent of whether or not interlaced mapping is configured
10. A subset of antenna ports for msgA PUSCH transmission is constructed 
11. When transform precoding is disabled, same formula for normal PUSCH is used for the msgA PUSCH DMRS sequence generation, the  can be a fixed value, and the  can be a function of cell ID, corresponding preamble ID, an index of the PRU, or the number of distinct PO sizes.
12. When transform precoding is enabled, the same formula as for normal PUSCH is used for the msgA PUSCH DMRS sequence generation;  may be determined based on the preamble ID and/or the ID of the PRU.
13. Consecutive numbering of ROs and replacing numbers colliding with the configured RA-RNTIs is used as basis for msgB RNTI calculation.
14. Multiple msgB RNTIs are associated with each RO.
15. A modulo division of the preamble index is added to the lowest value of the MsgB RNTI that is associated with a given RO.
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 Appendix: Simulation assumptions 
 Table 1: System simulation parameters
	Parameters
	Values

	Layout
	Single layer - Macro layer: Hex. Grid, 7 sites

	Inter-BS distance
	200m

	Carrier frequency
	4GHz

	Simulation bandwidth
	16 PRBs

	Channel model
	UMi in TR 38.901

	Number of UEs in system
	Varies (Max number of UEs 800), for each simulation point 80000 UE activations are simulated 

	UE Tx power
	Max 23 dBm

	BS antenna configuration
	4 Rx
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
dH = 0.5λ, dV = 0.8λ;
BS antenna downtilt 102

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx 

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi as starting point

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire system 

	UE power control
	Open loop PC, (38.213 with α=1, P0=-110) 

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	30kHz 

	TBS
	72 bits 

	MCS and Resource size
	QPSK, number of PRBs/PO varies

	DMRS configuration
	Type 1 DMRS 

	Number of DMRS symbols
	4

	Timing offset
	Uniform over [0, 7.69e-7] 

	Frequency offset
	Uniform over [-600, 600]

	Max number of HARQ transmission
	1

	Max transmission attempts
	4

	Traffic model
	UEs are activated each slot using a uniform distribution. In case of an ongoing transmission the UE starts the new activation when the previous activations are finished. 

	Receiver
	MMSE-IRC 

	Channel and timing error estimation
	Realistic
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Preambles 
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map to SSB3

Preambles 

0-15, 16-23

map to SSB2*

Some ROs may 

be unused

OFDM Symbol #

0

11

Frequency 

(PRBs)

SSB0

4

8
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16

Frequency 

(PRBs)

SSB1

SSB2 SSB3

PRACH Slot

PUSCH RU: {DMRS

0

},{DMRS

1

}

PRACH: {Preamble Set

0

},{Preamble Set

1

}

Example: 

 

Each PO is 4 or 8 PRBs x 7 symbols

 

2 PUSCH RUs in 1 PO

 

Each PUSCH RU associated with 

one of two DMRS ports;

 

M=2 preambles / PUSCH RU

PUSCH Occasion

0

2-Step

0 5 9

13

8

16

Frequency 

(PRBs)

0

OFDM Symbol #

Config 1 

(K=4)

Config 2 

(K=8)

SSB0 SSB1 SSB2 SSB3

*Remaining preambles can be used by 4-step

PUSCH RU: {0},{1}

PRACH: {0,8},{4,12}

PUSCH RU: {2},{3}

PRACH: {1,9},{5,13}

PUSCH RU: {4},{5}

PRACH: {2,10},{6,14}

PUSCH RU: {6},{7}

PRACH: {3,11},{7,15}

PUSCH RU: {12},{13}

PRACH: {32,40},{36,44}

PUSCH RU: {14},{15}

PRACH: {33,41},{37,45}

PUSCH RU: {16},{17}

PRACH: {34,42},{38,46}

PUSCH RU: {18},{19}

PRACH: {35,43},{39,47}

PUSCH RU: {24},{25}

PRACH: {0,8},{4,12}

PUSCH RU: {26},{27}

PRACH: {1,9},{5,13}

PUSCH RU: {28},{29}

PRACH: {2,10},{6,14}

PUSCH RU: {30},{31}

PRACH: {3,11},{7,15}

PUSCH RU: {36},{37}

PRACH: {32,40},{36,44}

PUSCH RU: {38},{39}

PRACH: {33,41}.{37,45}

PUSCH RU: {40},{41}

PRACH: {34,42},{38,46}

PUSCH RU: {42},{43}

PRACH: {35,43},{39,47}

PUSCH RU: {8},{9}

PRACH: {16,22},{18,20}

PUSCH RU: {10},{11}

PRACH: {17,23},{19,21}

PUSCH RU: {20},{21}

PRACH: {48,52},{50,54}

PUSCH RU: {22},{23}

PRACH: {49,53},{51,55}

PUSCH RU: {32},{33}

PRACH: {16,20},{18,22}

PUSCH RU: {34},{35}

PRACH: {17,21},{19,23}

PUSCH RU: {44},{45}

PRACH: {48,52},{50,54}

PUSCH RU: {46},{47}

PRACH: {49,53},{51,55}

msgA PUSCH Configuration 

1 & 2  Duration

OFDM Symbol #

0 6

13 6 13

0 6

13 6 13

slot 0 slot 1


