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1	Introduction
[bookmark: _Hlk94878371]The current NR PRACH design limits the maximum archivable cell range to 4.6km for mid-band TDD spectrum with DDDSU pattern and 30kHz SCS regardless of how far distance can be supported by actual data and control channel link budget. Since the maximum PRACH preamble distance determined by its physical length, only way for PRACH detection coverage extension without changing TDD pattern itself is to allow RACH occasion assignment using multiple slots based on SBFD operation. [1]
Random access in SBFD symbols is studied in RAN1. In RAN1 #114, it was agreed that there are several potential benefits including improve the coverage of PRACH and Msg3 if random access is allowed in SBFD symbols [2].
	If random access is allowed in SBFD symbols for SBFD-aware UEs, it may potentially reduce the random access latency, reduce the PRACH collision probability and/or improve the coverage of PRACH and Msg3. These aspects were not fully evaluated in RAN1. PRACH and Msg3 transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI. The system performance impact is not evaluated in RAN1. Specification impact is expected to allow random access in SBFD symbols at least for PRACH and Msg3 transmissions in symbols configured as DL in TDD-UL-DL-ConfigCommon.


In this contribution, we provide the motivation for random access coverage enhancement using consecutive SBFD slots/symbols and potential objectives for Rel-19 Duplex WI.
[bookmark: _Ref178064866]2	Discussion
2.1	The coverage bottleneck of mid-band TDD NR in FR1
The current NR PRACH design limits the maximum achievable cell range to 4.6km for mid-band TDD spectrum with 30kHz SCS regardless of how far distance can be supported by actual data and control channel link budget. Although NR has long preamble formats to support larger cell radius (up to 57km) as shown in Table 1 [3], it can not be used in mid-band TDD due to limited continuous time duration of uplink (e.g., 0.5ms in DDDSU pattern)
[Table 1. NR PRACH cell dimensioning]
	Category
	Format
	Maximum Cell Radius (m)

	
	
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	Short
	A1
	939
	448
	224
	112

	
	A2
	2110
	871
	435
	217

	
	A3
	3517
	1302
	651
	325

	
	B1
	586
	232
	116
	58

	
	B2
	1055
	475
	237
	118

	
	B3
	1758
	871
	435
	217

	
	B4
	3869
	1302
	651
	325

	
	C0
	5354
	2130
	1065
	532

	
	C2
	9301
	4648
	2324
	1162

	Long
	0
	12364 (SCS 1.25kHz)

	
	1
	57427 (SCS 1.25kHz)

	
	2
	22910 (SCS 5kHz)

	
	3
	14759 (SCS 5kHz)


There are ongoing PRACH coverage enhancements in R18 WI: Further NR coverage enhancements [4]. However, it focuses only on receiving signal quality enhancement by allowing multiple PRACH transmissions with same beam and does not consider the increase of PRACH sequence length which determines the maximum supportable cell range. Considering typical PRACH receiver structure as shown in Figure 1 [5], there are the delay ambiguity and false detection problems when the propagation delay of PRACH due to large cell radius exceeding the length of PRACH sequence (and FFT of length N).
[Figure 1. Typical PRACH receiver structure]
[image: ]
Observation 1. The current NR PRACH design limits the maximum archivable cell range to 4.6km for mid-band TDD spectrum with DDDSU pattern and 30kHz SCS regardless of how far distance can be supported by actual data and control channel link budget.
The massive MIMO radio unit (e.g., 32TRx and 64TRx radio) is the main stream for 5G deployments in mid-band since it can maintain coverage and existing site grids even if frequency is increased from low-band to mid-band. Simple link budget analysis for UL 1Mbps QoS with typical antenna gain of each LTE/NR radio and antenna equipments in market shows the mid-band TDD NR with massive MIMO radio equipment has 3.1dB link budget advantage compared to the low-band FDD LTE even if there is huge disadvantage in required UL RB and MCS to meet 1Mbps QoS from duplex change (from FDD to TDD) as shown in Table 2. Also, FDD NR or potential all uplink SBFD operation for cell edge UE (e.g., UUUUU) increases the link budget gain over LTE to 7.3dB by utilizing increasing UL scheduling chance to relax the required UL RB & MCS to meet 1Mbps QoS.
[Table 2. UL link budget analysis – mid-band NR (FDD/TDD) and low-band LTE (FDD)]
	Type
	QoS
	UL 1Mbps

	
	Duplex & RAT
	FDD NR
	TDD NR
	FDD LTE

	
	Equipment
(Band)
	64TRx Radio
192AEs
(@ n78)
	64TRx Radio
192AEs
(@ n78)
	2TRx Radio +
15dBi Passive ANT
(@ B1/B3/B7)

	Tx
	UE Tx Power (dBm)
	23
	23
	23

	
	Duplex
	FDD (or SBFD)
	4:1
	FDD

	
	UL RB
	28
	75
	27

	
	MCS
	0
	0
	2

	
	UE EIRP (dBm/RB)
	8.5 
	4.2 
	8.7 

	Rx
	Max. BS Antenna Gain (dBi)
	25
	25
	15

	
	Thermal Noise (dBm/RB)
	-118.2 
	-118.2 
	-121.2 

	
	BS Noise Figure (dB)
	4.0 
	4.0 
	3.5 

	
	Thermal Noise at BS Rx (dBm/RB)
	-114.2 
	-114.2 
	-117.7 

	
	Required SNR (dB)
	-3.0 
	-3.0 
	-2.0 

	
	Received Signal Strength (dBm/RB)
	-117.2 
	-117.2 
	-119.7 

	
	Cable Loss (dB)
	0.0 
	0.0 
	0.5 

	
	Fading Margin (dB)
	6.0 
	6.0 
	6.0 

	Maximum Allowable Pathloss (dB)
	144.8 
	140.5 
	137.4 

	Gap
	7.3 
	3.1 
	Ref.


According to ITU-R P.1546-6 [6], Table 3 represents equivalent pathloss values from the received field-strength [unit: dB(uV/m)] measurement exceeded for 50% of the time for 1 kW effective radiated power at the transmitter in warm sea path.
[Table 3. Pathloss in warm sea path (the height of the antenna above sea level = 37.5m)]
	2D Distance (Km)
	Pathloss (3.65GHz)
	Pathloss (2GHz)
	Pathloss (600MHz)

	1
	103.6 
	103.6 
	103.6 

	2
	109.7 
	109.7 
	109.7 

	3
	113.2 
	113.2 
	113.2 

	4
	115.7 
	115.7 
	115.7 

	5
	117.6 
	117.6 
	117.6 

	6
	118.8 
	119.2 
	120.0 

	7
	120.0 
	120.5 
	121.5 

	8
	121.0 
	121.7 
	123.0 

	9
	121.8 
	122.7 
	124.5 

	10
	122.2 
	123.6 
	126.5 

	20
	131.5 
	134.5 
	140.5 

	30
	145.0 
	146.5 
	149.5 

	40
	159.5 
	158.5 
	156.5 

	50
	173.0 
	170.5 
	165.5 


From table 2 and 3, it is clear that mid-band TDD NR in n78 (@ 3.65GHz) can support 20km coverage with 1Mbps UL QoS in terms of PUSCH link budget (Of course, link budget of other channel likes PDSCH, PUCCH, and PDCCH is much higher than that of PUSCH). Also, it can be increased to 30km with help of potential SBFD operation if there is no limitation on PRACH detection distance.
Observation 2. According to ITU-R P.1546-6 channel model, in LOS environment (ex. sea-side area), mid-band NR TDD using 3.65GHz spectrum can support >20km coverage with UL 1Mbps QoS for normal UE with 23dBm Tx power from a link budget point of view.
In summary, there are solid motivations to enhance the 3GPP specifications to increase PRACH sequence length in mid-band TDD for NR coverage extension in LOS environment.
2.2	Potential Objective
Since the maximum PRACH preamble distance determined by its physical length, only way for PRACH detection coverage extension without changing TDD pattern itself is to allow RACH occasion assignment using multiple slots based on SBFD operation as shown in Figure 2.
[image: ]
[Figure 2. PRACH sequence length extension based on multiple SBFD slots]
Such RACH configuration is broadcasted using cell-common SIB1 to SA UE and is sent using dedicated RRC reconfiguration message to NSA UE during NR addition procedure. Therefore, the detailed signaling method and procedure for RACH configuration using SBFD slots/symbols for SBFD-aware UEs can be different for each architecture options (i.e., NSA/SA) and can be further discussed in the later WID.
The initial access enhancement of SBFD-aware UE should include not only Msg1 (PRACH) but also Msg3 since coverage of Msg3 in UL is also limited by no consecutive UL slot. For example, if we can have 2 or 4 consecutive slots for Msg3, then we can have 3 or 6 dB coverage enhancement by repetition.
Observation 3. Both Msg1 and Msg3 transmission using consecutive SBFD slots/symbols are needed for random access coverage extension beyond 4.6km for mid-band TDD spectrum with DDDSU pattern and 30kHz SCS.
Observation 4. Considering two major 5G architecture options (i.e., SA/NSA) in the market, random access operation using consecutive SBFD slots/symbols needs to be allowed not only RRC CONNECTED mode but also RRC_IDLE/INACTIVE mode.
3 Conclusion
Based on the discussion in the previous sections we propose the following:
Observation 1. The current NR PRACH design limits the maximum archivable cell range to 4.6km for mid-band TDD spectrum with DDDSU pattern and 30kHz SCS regardless of how far distance can be supported by actual data and control channel link budget.
Observation 2. According to ITU-R P.1546-6 channel model, in LOS environment (ex. sea-side area), mid-band NR TDD using 3.65GHz spectrum can support >20km coverage with UL 1Mbps QoS for normal UE with 23dBm Tx power from a link budget point of view.
Observation 3. Both Msg1 and Msg3 transmission using consecutive SBFD slots/symbols are needed for random access coverage extension beyond 4.6km for mid-band TDD spectrum with DDDSU pattern and 30kHz SCS.
Observation 4. Considering two major 5G architecture options (i.e., SA/NSA) in the market, random access operation using consecutive SBFD slots/symbols needs to be allowed not only RRC CONNECTED mode but also RRC_IDLE/INACTIVE mode.

Based on the discussion in the previous sections we propose the following:
1. Agree to include Msg1 and Msg3 transmission using consecutive SBFD slots/symbols in the scope of Rel-19 Duplex WI for coverage extension
0. For SA and NSA UE, it is performed in RRC_IDLE/INACTIVE and RRC CONNECTED mode, respectively.
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