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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN #94 e-meeting, a new Rel-18 work item on further NR coverage enhancements was approved [1] and updated in RAN #96 [2]. The objective of the work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. Detailed objectives for PRACH coverage enhancements are listed as follows:
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.



In this contribution, we discuss PRACH coverage enhancement.
Discussion on multiple PRACH transmission with same beam
For multiple PRACH transmissions with same beam, it can be deemed as PRACH repetitions on several ROs associated with the same SSB. In this section, we mainly discuss the resource configuration, indication and determination of the number of PRACH repetitions, RAR window design and RA-RNTI calculation, and some other issues.
1.1     Resource configuration
There are four possible options for PRACH repetition resource configuration as follows:
· Option 1: Shared PRACH configuration as legacy.
· Option 2: Separate PRACH preambles with shared ROs.
· Option 3: Separate ROs with shared PRACH configuration.
· Option 4: Separate PRACH configuration.
For Option 1, no additional RO is allocated, PRACH repetition is performed on the ROs associated with the same SSB within a SSB to RO association period. This provides a simplest realization of PRACH repetition, which needs the least spec. impact. However, the drawback of Option 1 is also obvious: firstly, it increases the possibility of conflict between PRACH transmissions; secondly, it’s hard for the network to differentiate the enhanced UE from legacy UE; thirdly, only partial of diversity gain can be obtained, meantime, joint PRACH detection is hard to be implemented, which results in a poor performance. Thus, we suggest to preclude Option 1.
For Option 2, also no additional RO is needed. Moreover, with separate preambles, the network is able to differentiate the enhanced UE from legacy UE, it also enables the joint detection among PRACH repetitions. However, currently, preambles have already been divided for variety of usages, e.g., CBRA/CFRA, 2-Setp/ 4-Step RACH procedure, Msg. 3 repetitions and etc. Thus, we think additional separation of preambles for PRACH repetition is not a proper method. We suggest to deprioritize Option 2.
For Option 3, one possible way is to determine the separate ROs based on a time or frequency offset and legacy PRACH configuration as illustrated in Fig.1. For time domain offset based resource configuration, an IAB-like approach can be a reference [3], e.g., replace the variable  used in  of random access configuration table by  where  is the time domain offset. It should be noted that, all the ROs should be within a SSB to RO association period. Moreover, keeping in mind the intention of PRACH repetition is to improve the coverage, thus the repetitions should not overlap in time domain to avoid power sharing among repetitions. Another thing to be considered is the mapping between ROs and different number of repetitions. For example, there are four available ROs for maximum 4 PRACH repetitions, the configured number of PRACH repetitions is within the set of {1, 2, 4}. If the number of PRACH repetitions is determined as 2, then which two of the four ROs will be utilized for repetitions? If they are randomly selected, it will be hard for the network to perform the joint detection. Thus, some rules are suggested to be predefined.


Fig. 1. Illustration of separate ROs based on a time or frequency offset and legacy PRACH configuration
For Option 4, one possible way is to configure separate PRACH configurations for different number of PRACH repetitions or different CE levels, similar as the PRACH repetition mechanism introduced for BL/CE UEs [4]. However, it may need pretty much spec. effort since a lot of parameters need to be discussed and specified, including separate time domain/frequency domain resources per each number of repetitions, mapping between SSB and ROs and etc. We are open for further discussion about Option 4.
Proposal 1: For resource configuration of PRACH repetitions, the proposed Option 3 (Separate ROs with shared PRACH configuration) and Option 4 (Separate ROs with shared PRACH configuration) can be considered.
1.2     Indication and determination of the number of PRACH repetitoins
Enable/Disable of PRACH repetitions
Considering the network flexibility, we think the enable/disable of PRACH repetitions can be considered. This can be realized by either an explicit or implicitly method. For explicit method, a one-bit parameter can be introduced in PRACH configuration. For implicit method, if separate ROs or PRACH configurations are configured, then PRACH repetition is enabled, or else, PRACH repetition is disabled.
Proposal 2: The enable/disable of PRACH repetitions can be considered via either an explicit or implicitly method.
Indication and determination of the number of PRACH repetitions
To determine the number of PRACH repetitions, some RSRP thresholds may need to be defined, similar as the mechanism defined for NB-IoT UE and BL/CE UEs in enhanced coverage. Take three RSRP thresholds as an example, namely RSRP0, RSRP1 and RSRP2, where RSRP0 >RSRP1 >RSRP2. Meantime, the network configures a set of PRACH repetitions as {R0, R1, R2}, where R2 >R1 >R0. It should be noted that “R0, R1, R2” can be selected from a larger value set, e.g., {R0, R1, R2, R3, R4, R5…}. Then, if the UE measured RSRP is less than RSRP2, the number of PRACH repetitions is determined as R2; else if the UE measured RSRP is less than RSRP1, the number of PRACH repetitions is determined as R1; else if the UE measured RSRP is less than RSRP0, the number of PRACH repetitions is determined as R0; else, no PRACH repetition is performed, legacy PRACH transmission is followed.
Proposal 3: Some RSRP thresholds need to be defined to determine the number of PRACH repetitions.
1.3     RAR window and RA-RNTI calculation
In current spec., UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a RAR window after the PRACH transmission. If PRACH repetition is enabled, the design of RAR window may need to be modified. There are three possible options for RAR window design when PRACH repetition is enabled as follows:
· Option 1: Multiple RAR windows, each window follows legacy design.
· Option 2: Single RAR window is utilized to cover all the repetitions,
· Option 2-1: The start position of the window follows legacy design.
· Option 2-2: The start position of the window is after the last PRACH transmission.
For Option 1, as illustrated in Fig. 2, for each PRACH repetition, there is one corresponding RAR window. Each RAR window is generated following legacy mechanism, and each related RA-RNTI is calculated as legacy as follows [5]:
	RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 for μ = {0, 1, 2, 3}, and for μ = {5, 6}, t_id is the index of the 120 kHz slot in a system frame that contains the PRACH occasion (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).


 
If there is some overlapping between two or more RAR windows, e.g., within , UE may need to detect the DCI scrambled by RA-RNTI0 and RA-RNTI1, respectively, where RA-RNTI0 and RA-RNTI1 are calculated based on the time & frequency position of RO #0 and RO #1. Moreover, based on Option 1, early termination of PRACH repetition can be realized.


Fig. 2. Illustration of Option 1
For Option 2, as illustrated in Fig.3, there is only one RAR window which covers all the four repetitions. Currently, the length of RAR window defined in TS 38.331 follows that: lower than or equal to 10 ms when Msg2 is transmitted in licensed spectrum and lower than or equal to 40 ms when Msg2 is transmitted with shared spectrum channel access. The length of SSB to RO association period is within the set of {10, 20, 40, 80, 160} ms. It can be then seen that a single RAR window with current length is hard to cover all the repetitions. Thus, if Option 2 is selected, the length of RAR window needs to be extended. Moreover, the RA-RNTI calculation needs to be discussed. A simple method is to use the RA-RNTI calculated based on the first RPACH transmission, e.g., RO #0 as illustrated in Fig. 3.
Observation 1: If Option 2-1 (Single RAR window is utilized to cover all the repetitions, the start position of the window follows legacy design) is selected, the length of RAR window needs to be extended.


Fig. 3. Illustration of Option 2
For Option 3, as illustrated in Fig.4, there is only one RAR window after the PRACH repetitions. The RAR window design can largely follow the legacy one. Mainly two issues need to be discussed. The first issue is about the start position of RAR window, it can be simply redefined as after the last PRACH repetitions. The second issue is about the RA-RNTI calculation, a pre-defined rule is needed. For example, similar with Option 2, we can use the RA-RNTI calculated based on one of the predefined RPACH repetition, e.g., the first PRACH repetition.


Fig. 4. Illustration of Option 3
Proposal 4: For RAR window and RA-RNTI calculation, we slightly prefer Option 2-2 (Single RAR window is utilized to cover all the repetitions, the start position of the window is after the last PRACH transmission).
1.4     PRACH repetition pattern
In order to improve the coverage performance, PRACH repetitions should not overlap in time domain to avoid power sharing among repetitions. We take the RO pattern illustrated in Fig.5 as an instance, if the selected SSB is SSB #0, then there are four ROs can be utilized for PRACH repetitions, i.e., RO #0, #2, #4 and #6. Then, maximum of 2 repetitions is supported for the illustrated RO configurations. If frequency hopping is not supported, then the two repetitions can be transmitted on {RO #0, RO #4} or {RO #2, RO #6}; else if frequency hopping is supported, then it can be {RO #0, RO #6} or {RO #2, RO #4}. Anyway, PRACH repetitions should be TDMed.
Proposal 5: For PRACH repetitions, only TDMed pattern is supported. 


Fig. 5. Illustration of ROs pattern for PRACH repetitions
Discussion on multiple PRACH transmission with different beams
For multiple PRACH transmissions with different beams, we think the first thing needs to be discussed is that whether the multiple PRACH transmission can be associated with different SSBs. Secondly, whether different preambles can be utilized for multiple PRACH transmission. Thirdly, how to determine whether to perform multiple PRACH transmission with the same beam or different beams. In this section, we mainly discuss the above issues.
1.5     Association between SSB and multiple PRACH transmissions
Multiple PRACH transmissions are associated with the same SSB
Before we discuses the detailed schemes, we need first to consider the scenario that UE may benefit from multiple PRACH transmission with different beams while associated with the same SSB. One potential use case is that beam correspondence is not guaranteed, thus UE need to try different Tx beams. 
For multiple PRACH transmission associated with the same SSB, the legacy behavior of cell search is maintained, i.e., UE select one SSB that satisfies a threshold and perform PRACH transmissions on the ROs associated with the selected SSB. 
Moreover, PRACH resource configuration and RAR window design can be the same as that of PRACH repetitions with the same beam, it seems no additional spec. effort is needed. However, the calculation of RA-RNTI may need further discussion. Here, we take Option 3 for RAR window design as an instance. As illustrated in Fig. 6, four different beams are utilized for PRACH transmission. Then, the best situation is that the network detects the preamble on one of the ROs and calculated the RA-RNTI based on this RO. In this way, UE needs to try different RA-RNTIs to detect DCI during the RAR window, once UE succeeds, it will know the best beam for UL transmission. In another case, if the network performs joint detection, and utilize a predefined rule to calculate the RA-RNTI, e.g., based on the first PRACH transmission, then UE will not know which beam to use for the subsequent UL transmission.


Fig. 6. Illustration of multiple PRACH transmission associated with the same SSB based on Option 3 for RAR window design
Observation 2: For multiple PRACH transmissions with different beams while associated with the same SSB, separate PRACH detection and RA-RNTI calculation mechanism may be helpful for UE Tx beam indication.
Multiple PRACH transmissions are associated with different SSBs
In this case, UE may select several SSBs instead of one SSB during the cell search procedure. During PRACH transmission, UE transmit a given number of PRACHs on ROs associated with the selected SSBs as illustrated in Fig. 7. 


Fig. 7. Illustration of multiple PRACH transmission associated with different SSBs
Considering that there is a possibility that the UE selected SSBs are associated with the same RO, or the ROs associated with the selected SSBs are FDMed, for both of the cases, more discussion is needed about how to perform multiple PRACH transmissions.
Observation 3: For multiple PRACH transmissions with different beams while associated with different SSBs, some modification is needed for cell search procedure. Moreover, further discussion on how to perform multiple PRACH transmission is needed for the following cases: 
· The UE selected SSBs are associated with the same RO.
· The ROs associated with the selected SSBs are FDMed.
Proposal 6: Clarify whether multiple PRACH transmissions are associated with the same or different SSB(s).
Conclusions
In this contribution, we discuss PRACH coverage enhancement and have following proposals:
Observation 1: If Option 2-1 (Single RAR window is utilized to cover all the repetitions, the start position of the window follows legacy design) is selected, the length of RAR window needs to be extended.
Observation 2: For multiple PRACH transmissions with different beams while associated with the same SSB, separate PRACH detection and RA-RNTI calculation mechanism may be helpful for UE Tx beam indication.
Observation 3: For multiple PRACH transmissions with different beams while associated with different SSBs, some modification is needed for cell search procedure. Moreover, further discussion on how to perform multiple PRACH transmission is needed for the following cases: 
· The UE selected SSBs are associated with the same RO.
· The ROs associated with the selected SSBs are FDMed.

Proposal 1: For resource configuration of PRACH repetitions, the proposed Option 3 (Separate ROs with shared PRACH configuration) and Option 4 (Separate ROs with shared PRACH configuration) can be considered.
Proposal 2: The enable/disable of PRACH repetitions can be considered via either an explicit or implicitly method.
Proposal 3: Some RSRP thresholds need to be defined to determine the number of PRACH repetitions.
Proposal 4: For RAR window and RA-RNTI calculation, we slightly prefer Option 2-2 (Single RAR window is utilized to cover all the repetitions, the start position of the window is after the last PRACH transmission).
Proposal 5: For PRACH repetitions, only TDMed pattern is supported. 
Proposal 6: Clarify whether multiple PRACH transmissions are associated with the same or different SSB(s).
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