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At the RAN1#110b-e meeting, the following agreements were made regarding PRACH coverage enhancement [1]:
Agreement
· For multiple PRACH transmissions with same beam, at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt.
· FFS: whether different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.
Agreement
· For multiple PRACH transmissions with same beam, at least ROs located at different time instances can be utilized for the transmissions.
· FFS: whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
· FFS: whether/how multiple PRACH transmissions located in the same time instance, e.g., for UEs with multiple Tx chains.
Agreement
For multiple PRACH transmissions with same beam, for RAR monitoring, consider the following options.
· Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.
· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.
In the contribution, we present our views on PRACH coverage enhancement. Our views on power domain enhancement and dynamic switching between DFT-S-OFDM and CP-OFDM waveform are described in our companion contributions [2] and [3], respectively. 
Multiple PRACH transmissions with same beams
Indication of repetition level for PRACH transmission
During Rel-17 NR coverage enhancement study item phase, PRACH was identified as one of the bottleneck channels that need coverage enhancement [4]. Given that PRACH transmission is the very first step during RACH procedure, PRACH performance is critical for the system operation, especially when considering initial access and beam failure recovery. In order to improve the PRACH coverage performance during 4-step RACH procedure, one straightforward approach is to employ repetitions with same Tx beams for the transmission of PRACH.
Note that the PRACH coverage enhancement applies to short PRACH formats and can also apply for other formats when applicable. Considering that only one PRACH sequence is included for PRACH format 0, PRACH repetition may also apply for the transmission of PRACH format 0 so as to improve the coverage for FR1. Hence, in our view, PRACH repetition is applied for all short PRACH formats and PRACH format 0. 
Figure 1 illustrates PRACH detection performance with repetitions. In the simulations, 0.1% false alarm probability was assumed for PRACH format 0 and 700 MHz carrier frequency. The detailed simulation assumptions were provided in Table 2 in the Appendix. From the figure, it can be observed that ~2.1dB performance gain can be achieved by doubling the repetition levels for PRACH transmission. 
[image: ]
[bookmark: _Ref113894132]Figure 1. PRACH detection performance with repetitions
Observation 1
· ~2.1dB performance gain can be achieved for PRACH transmission when repetition level is doubled.
Proposal 1
· PRACH repetition is applied for all short PRACH formats and PRACH format 0. 


In order to indicate the number of repetitions for PRACH transmission and also differentiate the enhanced UE with PRACH repetitions and normal or legacy UE, certain mechanisms may need to be considered. One straightforward approach is to employ the PRACH resource partitioning for differentiation and repetition level indication. After successful detection of PRACH preambles in the configured resources, gNB may combine multiple PRACH detection statistics to improve the performance. 
For PRACH resource partitioning, either separate PRACH occasions or shared PRACH occasions with separate PRACH preambles may be configured to indicate the repetition levels of PRACH transmission. In case when multiple repetition levels are configured for PRACH transmission, each PRACH resource may correspond to one repetition level. Note that in order to avoid fragmented PRACH resources and minimize the impact on the legacy system, it is preferable to limit the set of repetition levels for PRACH resource partitioning. 
Figure 2 illustrates PRACH resource partitioning when shared PRACH occasions are configured for PRACH with and without repetitions. In the figure, different PRACH preambles associated with the same SSB index can be allocated for PRACH transmission with different repetition levels. 
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[bookmark: _Ref114144286]Figure 2. Preambles allocated for PRACH with different repetition levels
Proposal 2
· Separate PRACH occasions or shared PRACH occasions with separate PRACH preambles can be configured to indicate the repetition levels for PRACH transmission.
· When multiple PRACH repetition levels are configured, each PRACH resource is associated with a repetition level. 

Similar to what was defined for Msg3 PUSCH repetition, SS-RSRP threshold may be defined to only allow cell edge UEs with poor channel condition to trigger PRACH repetitions. In particular, when the measured RSRP of the downlink pathloss reference is lower than an SS-RSPR threshold, UE may trigger PRACH repetition. Further, if multiple repetition levels are supported for PRACH transmission, multiple thresholds may need to be defined accordingly for proper operation. 
For UEs that support both PRACH repetition and Msg3 PUSCH repetitions, a common SS-RSRP threshold may be applied for triggering PRACH and request of Msg3 PUSCH transmission. In this case, after successfully detecting the PRACH with repetitions, gNB may have good knowledge of channel condition of UE and can inform UE to transmit Msg3 PUSCH with appropriate number of repetitions. 
Proposal 3
· SS-RSRP threshold can be defined for UE to trigger PRACH repetitions.

Frequency hopping for PRACH repetitions
At the RAN1#110b-e meeting, it was agreed that at least ROs located at different time instances can be utilized for the multiple PRACH transmissions with same beam [1]. It is FFS whether the starting RB of ROs can be different at different time instances for multiple PRACH transmissions and multiple PRACH transmissions can be located in the same time instance, e.g., for UEs with multiple Tx chains. 
In our view, for multiple PRACH transmissions with same Tx beam, frequency hopping can be employed in conjunction with repetitions for PRACH transmission in order to exploit the benefit of frequency diversity and hence further improve the detection performance. Depending on the number of time domain PRACH occasions in a PRACH slot, frequency hopping within or across the PRACH slot may be employed for PRACH repetitions.   
Figure 3 illustrates PRACH detection performance with repetitions and frequency hopping. From the figure, it can be observed that in case of 2 and 4 repetitions, an additional 2.5dB performance gain can be achieved when frequency hopping is employed for PRACH transmission. 
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[bookmark: _Ref113894470]Figure 3. PRACH detection performance with repetitions and frequency hopping

Observation 2
· For 2 and 4 PRACH repetitions with frequency hopping, ~2.5dB performance gain can be achieved compared to PRACH repetitions without frequency hopping.  

Further, it was discussed in the last meeting whether simultaneous PRACH transmissions using multiple Tx chains can be supported for multiple PRACH transmission with same beam. This highly depends on UE capability on whether UE is equipped with multiple Tx chains and without power sharing. However, during initial access, gNB may not know the UE capability and hence may not be able to perform coherent combining on the PRACH detection statistic. In this regard, performance degradation may be expected compared to the case when multiple PRACH transmissions are multiplexed in the TDM manner. In our view, multiple PRACH transmissions are not located in the same time instances. 
Proposal 4
· For multiple PRACH transmission with same Tx beam, 
· Starting RBs of ROs can be different at different time instance for the multiple PRACH transmissions. 
· Multiple PRACH transmission are not located in the same time instances. 

Association between SSB and PRACH repetitions
For PRACH repetitions with same Tx beam, multiple PRACH transmissions in the valid PRACH occasions need to be associated with the same SSB. Further, a PRACH repetition window can be defined to ensure a common understanding between gNB and UE on the potential starting and ending position of the corresponding PRACH occasions used for PRACH repetitions. 
At the RAN1#110b-e meeting, it was agreed that same PRACH preamble during multiple PRACH transmissions in one RACH attempt [1]. The main motivation is to allow gNB to perform combining on multiple detection statistics for better performance. It is for further study on whether different preambles can be used during multiple PRACH transmissions. Note that at least for CBRA procedure, if supported, cell specific PRACH sequence pattern across different transmissions needs to be aligned between gNB and UE side so as to ensure the PRACH coverage enhancement. In this regard, if two UEs select a same preamble index in the first PRACH transmission, consistent preamble collision will still happen for multiple PRACH transmissions. In our view, considering the additional specification impact and no clear benefit compared to same preamble, different preambles during multiple PRACH transmission in one attempt is not supported. 
Proposal 5
· A PRACH repetition window can be defined to map PRACH repetitions into an SSB.
· Different preambles during multiple PRACH transmission in one attempt is not supported. 

In case of shared PRACH occasions for PRACH with and without repetitions, it is more desirable to reuse the existing mapping rule between SSB and PRACH occasions supporting PRACH repetition with same Tx beam in order to minimize the specification impact. Further, the PRACH occasions used for the PRACH repetitions can be the ones mapped to the same SSB after PRACH occasions are associated with all the SSBs. Depending on the configuration of the number of PRACH occasions associated with an SSB, PRACH repetitions may be transmitted in non-consecutive slots. Figure 4 illustrates one example of association between and PRACH occasions for PRACH repetitions.
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[bookmark: _Ref114150205]Figure 4. Association between SSB and PRACH occasions for PRACH repetitions

Proposal 6
· In case of shared PRACH occasions for PRACH with and without repetitions, 
· Existing mapping rule between SSB and PRACH occasions is reused for multiple PRACH transmission;
· PRACH occasions used for PRACH repetitions can be the ones mapped to a same SSB after PRACH occasions are associated with all the SSBs.

RAR monitoring window and RA-RNTI determination 
During 4-step RACH procedure, UE monitors PDCCH for scheduling Msg2 transmission in a RAR monitoring window, which starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS, that is at least one symbol after the last symbol of the PRACH occasion corresponding to the PRACH transmission. When multiple PRACH transmissions with same Tx beam are employed during 4-step RACH procedure, starting positioning of the RAR monitoring window may need to be updated. 
At the RAN1#110b-e meeting, two options were considered for RAR monitoring of multiple PRACH transmission with same Tx beam [1]:
· Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design
· Option 2: Only one RAR window for all of the multiple PRACH transmissions
For these two options, it is evident that for Option 1 with one RAR window per each PRACH transmission, access latency may be reduced for 4-step RACH procedure. This option, however, may require gNB to perform opportunistic PRACH detection by attempting to detect the PRACH repetition in each PRACH transmission occasion. Further, additional specification impact may be expected on how to handle the overlapping RAR window. 
For Option 2, UE monitors the PDCCH for scheduling Msg2 after the last symbol of the last PRACH occasion corresponding to the PRACH repetitions. In this case, gNB can perform combining for detection statistics on all PRACH transmission occasions so as to ensure the PRACH detection performance in case of the PRACH repetitions. However, this mechanism may prolong the latency for 4-step RACH procedure as UE has to wait for the last PRACH occasion to start RAR monitoring window. 
Based on the discussions above, considering the detection performance and implementation complexity, it would be more desirable to support Option 2 for RAR window determination, i.e., only one RAR window for all of the multiple PRACH transmissions. Further, UE monitors the PDCCH for scheduling Msg2 after the last symbol of the last PRACH occasion corresponding to the PRACH repetitions. 
Proposal 7
· For RAR window determination, Option 2 is supported, i.e., only one RAR window for all of the multiple PRACH transmissions.

As defined in TS 38.321, RA-RNTI for a single PRACH transmission is determined as follows [5]: 
	The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
	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 [8] 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).



For multiple PRACH transmission with same Tx beam, RA-RNTI determination may need to be updated to avoid ambiguity between gNB and UE on Msg2. As mentioned above, for RAR monitoring window, it is more desirable to consider one RAR window for all of the multiple PRACH transmissions. To follow same design principle, RA-RNTI can be determined based on the last RO corresponding to the multiple PRACH transmissions. 
Proposal 8
· For multiple PRACH transmissions with same beam, RA-RNTI is determined based on the last RO corresponding to the multiple PRACH transmissions.

Multiple PRACH transmissions with different beams
For multiple PRACH transmission with different beams, the following two scenarios can be considered:
· Scenario 1: SSB is transmitted with a wider beamwidth, while multiple PRACH can be transmitted with narrower beam sweeping. 
· Scenario 2: during initial access, UE that is not capable of full beam correspondence may perform PRACH with beam sweeping. 
For the Scenario 1, a hierarchical beam structure can be employed at gNB for system operating at mmWave bands, where SSB may be transmitted using a wider beamwidth to cover a larger area and CSI-RS can be transmitted using a narrower beam based on beam refinement procedure for higher data rate. When UE attempts to access the network, the UE will select one SSB with RSRP above threshold and transmit the PRACH using the Tx beam based on association between SSB and PRACH occasion. 
According to current NR specification, UE only transmits a PRACH with single Tx beam and attempts to monitor RAR within a monitoring window. If the PRACH is not detected by gNB, the UE needs to wait for next PRACH opportunity for PRACH transmission with same or different Tx beams after the RAR monitoring window. To reduce the access latency and improve the reliability of the PRACH detection during 4-step RACH procedure, the UE may transmit multiple PRACH repetitions with narrower beam sweeping. 
Figure 5 illustrates PRACH transmissions with narrow beam sweeping during initial access. Note that all these narrower beams may be linked to the same SSB with wider beamwidth. In this case, same procedure as defined for multiple PRACH transmission with same Tx beams can be applied. 
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[bookmark: _Ref114208044]Figure 5. PRACH transmissions with narrow beam sweeping
Observation 3
· When SSB is transmitted with wide beam, PRACH transmission with narrow beam sweeping may help reduce access latency and improve reliability of PRACH detection.  

For the Scenario 2, as defined in UE feature list and illustrated in Table 1, UE that fulfils the beam correspondence requirement with the uplink beam sweeping shall set the bit to 0 [6]. This indicates that during initial access, UE may not support full beam correspondence. 
[bookmark: _Ref114214773]Table 1. UE feature group for beam correspondence
	2-20
	Beam correspondence
	Support Beam correspondence
	beamCorrespondenceWithoutUL-BeamSweeping
	MIMO-ParametersPerBand
	No
	Applicable only to FR2
	Beam correspondence means each Tx port can be beamformed in a desirable direction but does not imply setting phase across ports.
	Mandatory with capability signalling
- UE that fulfils the beam correspondence requirement without the uplink beam sweeping shall set the bit to 1
- UE that fulfils the beam correspondence requirement with the uplink beam sweeping shall set the bit to 0



When UE is not capable of full beam correspondence, Tx and Rx beam are not fully aligned, which indicates that the selected Rx beam for the corresponding SSB may not be the most suitable Tx beam for PRACH transmission. If UE utilizes the single Tx beam for PRACH transmission, gNB may not be able to detect the PRACH preamble due to Tx and Rx beam mis-alignment. In this case, it may be more beneficial to employ the PRACH beam sweeping at UE side before the start of RAR monitoring window to improve the detection performance and reduce the access latency, especially when considering the scenario that narrow beam is applied for SSB transmission and PRACH detection. 
Observation 4
· When UE is not capable of full beam correspondence, it may be more beneficial to employ the PRACH beam sweeping at UE side to improve the detection performance and reduce the access latency.  
 
Note that for multiple PRACH transmission with different beams, two options can be further considered, which depends on whether the ROs used for the multiple PRACH transmissions are associated with same or different SSBs. It is evident that when multiple PRACH transmissions are associated with different SSBs, substantial specification impact, e.g., the SSB and RO association, determination of QCL assumption for RAR monitoring, etc., can be expected. On the contrary, in case of multiple PRACH transmissions on ROs associated with same SSB, the design for multiple PRACH transmissions with same beam can be largely reused, which can help minimize specification effort. 
Based on the discussions above, considering the specification impact and the benefits of access latency reduction and improved detection performance, in our view, at least the multiple PRACH transmission on ROs associated with same SSB can be supported for multiple PRACH transmissions with different beams in Rel-18.
Proposal 9:
· For multiple PRACH transmissions with different beams, at least the multiple PRACH transmission on ROs associated with same SSB can be supported in Rel-18. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on PRACH coverage enhancement. Further, we summarize the observations and proposals as follows:
Observation 1
· ~2.1dB performance gain can be achieved for PRACH transmission when repetition level is doubled.
Observation 2
· For 2 and 4 PRACH repetitions with frequency hopping, ~2.5dB performance gain can be achieved compared to PRACH repetitions without frequency hopping.  
Observation 3
· When SSB is transmitted with wide beam, PRACH transmission with narrow beam sweeping may help reduce access latency and improve reliability of PRACH detection.  
Observation 4
· When UE is not capable of full beam correspondence, it may be more beneficial to employ the PRACH beam sweeping at UE side to improve the detection performance and reduce the access latency.  
Proposal 1
· PRACH repetition is applied for all short PRACH formats and PRACH format 0. 
Proposal 2
· Separate PRACH occasions or shared PRACH occasions with separate PRACH preambles can be configured to indicate the repetition levels for PRACH transmission.
· When multiple PRACH repetition levels are configured, each PRACH resource is associated with a repetition level. 
Proposal 3
· SS-RSRP threshold can be defined for UE to trigger PRACH repetitions.
Proposal 4
· For multiple PRACH transmission with same Tx beam, 
· Starting RBs of ROs can be different at different time instance for the multiple PRACH transmissions. 
· Multiple PRACH transmission are not located in the same time instances. 
Proposal 5
· A PRACH repetition window can be defined to map PRACH repetitions into an SSB.
· Different preambles during multiple PRACH transmission in one attempt is not supported. 
Proposal 6
· In case of shared PRACH occasions for PRACH with and without repetitions, 
· Existing mapping rule between SSB and PRACH occasions is reused for multiple PRACH transmission;
· PRACH occasions used for PRACH repetitions can be the ones mapped to a same SSB after PRACH occasions are associated with all the SSBs.
Proposal 7
· For RAR window determination, Option 2 is supported, i.e., only one RAR window for all of the multiple PRACH transmissions.
Proposal 8
· For multiple PRACH transmissions with same beam, RA-RNTI is determined based on the last RO corresponding to the multiple PRACH transmissions.
Proposal 9:
· For multiple PRACH transmissions with different beams, at least the multiple PRACH transmission on ROs associated with same SSB can be supported in Rel-18. 
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Appendix
[bookmark: _Ref114152274]Table 2. Simulation assumption for PRACH repetition
	Parameters
	Values

	Carrier frequency
	700MHz 

	PRACH formats
	Format 0

	UE antenna configuration
	1Tx

	gNB antenna configuration
	2Rx

	Channel model
	TDL-C 300ns with 3km/h

	Timing offset
	0

	Frequency offset
	0

	Performance metrics
	1% PRACH misdetection probability
0.1% false alarm probability







7/7
image1.emf
-26 -24 -22 -20 -18 -16 -14 -12 -10 -8 -6

 SINR (in dB)

10

-2

10

-1

10

0

 

M

i

s

s

 

D

e

t

e

c

t

i

o

n

 

P

r

o

b

.

 PRACH detection performance: format 0, TDL-C (300ns), 3km/h

No repetition

2 repetitions

4 repetitions

8 repetitions


image2.png
SSB#0

SSB#1

4-step RACH
CBRA

CFRA

4-step RACH
CBRA

CFRA

Other
purpose





image3.emf
-24 -22 -20 -18 -16 -14 -12 -10 -8

 SINR (in dB)

10

-2

10

-1

10

0

 

M

i

s

s

 

D

e

t

e

c

t

i

o

n

 

P

r

o

b

.

 PRACH detection performance: format 0, TDL-C (300ns), 3km/h

2 repetitions: w/o FH

2 repetitions: w/ FH

4 repetitions: w/o FH

4 repetitions: w/ FH


image4.png
|
|
P >
|

PRACH repetition window for SSB#0




image5.png
(¢ »)}@

~

\\W/ N\





