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1	Introduction
[bookmark: _Hlk94878371]The SI Study on evolution of NR duplex operation was approved in RAN plenary #94-e meeting [1], and the latest SID was revised in RAN plenary #96 e-meeting [2].
According to the SID, this study aims to identify the feasibility and solutions of duplex evolution to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operations in unpaired spectrum.
From the perspective of the telecommunication operators who are supporting nationwide 5G services using mid-band TDD spectrum in FR1, the most important aspect of this study is ‘UL coverage enhancement’ based on SBFD (sub-band full duplex) operation.
In this paper, we discuss coverage enhancement aspects of NR duplex evolution focus on TDD NR operation in FR1 which is main NR spectrum globally.
[bookmark: _Ref178064866]2	Discussion
TDD generally has several advantages over FDD. One of key advantage is that channel state information (CSI) can be easily acquired via channel reciprocity so the overhead associated with CSI reports can be significantly reduced especially when there is a large number of antennas. Compare to legacy CSI feedback method, SRS-based channel estimation benefits from its short feedback latency and refined granularity.
With widely distributed SRS transmit antenna switching (TAS) capable UEs in the market, channel reciprocity based DL beamforming is key feature to differentiate throughput performance of NR TDD operations in FR1 to others. For example, driving test result in our live network shows that reciprocity based DL beamforming has x1.3 times and x4 times spectral efficiency (Mbps / Resource Block) gain compare to NR and LTE with legacy PMI based beamforming, respectively. (Figure 1)
[Figure 1. Performance comparison between reciprocity and PMI based beamforming]

Observation 1. Reciprocity based beamforming in FR1 TDD spectrum has 30% throughput gain compared to legacy PMI based beamforming which is used in FDD spectrum.
With this beamforming advantages of TDD over FDD on data channel, NR coverage is limited by control channel in LOS environment, more specifically PRACH. NR specification already has several PRACH preamble formats to support various cell radius as shown in Table 1 [3].
[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)



Even if there are sufficient PRACH preamble formats in specification, limited continuous time duration for the uplink in TDD limits its allocation flexibility in real network. Slot duration of NR with 30 kHz SCS is 0.5ms and typically, TDD NR UL/DL configuration is DL-heavy, i.e., ‘DDDSU’. Since we have only 0.5ms, all of long preamble formats cannot be used. Maximum cell radius among all short preamble formats is 9.3km and it is supported by ‘Preamble format C2 with SCS 15kHz’.
Figure 2 shows field test result of NR coverage in LOS environment. By changing PRACH SCS from 30kHz to 15kHz, we can see that service coverage of NR can be extended double (4km -> 9km). Also, more importantly, signal quality still good at 9km distance. Hence, NR coverage can be further extended if it is allow to use more long PRACH transmissions using the SBFD UL subband (for example, long preamble format 0).
[Figure 2. Random Access Coverage Test with commercial UE (LoS)]
[image: ]
Observation 2. NR TDD coverage is limited by control channel in LOS environment, more specifically PRACH.

3 Conclusion
Based on the discussion in the previous sections we propose the following:
1. Random access coverage enhancement using SBFD operation should be considered for NR duplex evolution.
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NR (n78) - Reciproity 	
Spectral Efficiency (Mbps / RB)	5.8190476190476188	NR (n78) - PMI (32P CSI-RS)	
Spectral Efficiency (Mbps / RB)	4.352380952380952	LTE (5CC CA, 	<	3GHz) - PMI (4P/2P CRS)	
Spectral Efficiency (Mbps / RB)	1.3653846153846154	
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