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1. Introduction

In this contribution, we continue discussing some of the potential changes to NR over high carrier frequency band. 
2. Discussion
2.1. SSB detection performance
In RAN1#102e meeting [1], there were many discussions on the potential enhancement for the SSB. The main discussion for the need of SSB enhancement is due to the need to support a new SSB SCS. The potential reason is that influence from the phase noise when operating at high carrier, may limit the SSB detection performance. For this, we have conducted some simulations conformed to the agreed simulation assumptions [2]. In our simulations, we compared SCS case ranging from 120KHz up to 960KHz, where 120KHz and 240KHz are legacy FR2 SCS. The results of the operational SNR corresponding to 90% SSB success detection rate is given in table 1, where we performed one-shot SSB detection and an SSB success detection is determined when a correct cell ID is detected. Other details to the simulation can be found in our companion document [3]. 
	Frequency offset
	Channel
	120KHz
	240KHz
	480KHz
	960KHz

	10 ppm
	TDL-A DS5
	-3.29 dB
	-2.5 dB
	-2.45 dB
	-4.13 dB

	
	TDL-A DS10
	-3.15 dB
	-2.67 dB
	-2.25 dB
	-4.08 dB

	
	TDL-A DL20
	-3.28 dB
	-1.9 dB
	-2.21 dB
	-3.1 dB


Table 1: SSB detection performance
We observe that in terms of SSB detection, the performance with FR2 SCS 240KHz is not far from those of higher SCS cases. The SNR gap achieving 90% success rate is less than 2 dB for TDL channel. It shows that the phase noise and mobility might not be a critical issue for reusing FR2 SCS. 
Observation 1: From the SSB detection simulation, the FR2 SCS has comparable performance to 480KHz or 960KHz. Phase noise and mobility are not critical issue for FR2 SCS based SSB. 

Nevertheless, we also observe that, due to high carrier frequency, e.g. 60GHz carrier frequency in our simulation, the carrier frequency shift becomes larger at a given ppm margin. Therefore, the ratio between the carrier frequency shift and the subcarrier spacing is higher for small SCS than for large SCS. To maintain a good detection performance, we need to place different reception windows according to different frequency shift hypotheses as shown in Fig. 1. Thus, the SSB detection complexity with FR2 SCS is indeed higher than that of 960KHz. This is because, 960KHz can tolerant higher frequency shift thus it needs less frequency shift hypotheses during SSB detection. 
Observation 2:  Using larger SCS than FR2 SCS can lead to lower SSB detection complexity due to less frequency shift hypotheses. 
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Fig. 1: SSB detection window according to different frequency shift hypotheses.
2.2. SSB time domain pattern
In RAN1#120-e meeting, many discussions were conducted on the need for introducing new SSB time pattern. The main motivation for new SSB is to introduce a beam switching gap. From RAN4, the minimum requirement for completing a beam tuning is 100 ns, and for FR2 SCS, this gap can be absorbed by the CP duration. While for higher SCS, only the SCS with 960KHz or above may require an additional time gap other than the CP for supporting beam tuning. From our observation 2, higher SCS does provide benefit for low complexity, but RAN1 needs to decide if the benefit is worthy to adopt a new 960KHz SCS for SSB, or simply reusing FR2 SCS is enough. 
	SCS
	Normal CP duration

	480 KHz
	~ 147 ns

	960 KHz
	~ 73 ns


Table 2: SCS vs. CP duration
Observation 3: introducing additional beam switching gap is needed when SSB SCS is beyond 480 KHz. 

Besides beam switching gap, in RAN1#120-e meeting, some companies have also pointed out the necessity of introducing LBT gap in unlicensed band operation. From our point of view, since we decided in the last time that both with and without LBT are supported, a unified SSB pattern should be envisioned instead of operational mode dedicated SSB pattern. 
	Agreement:
· For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported

· FFS: LBT mechanisms such as Omni-directional LBT, directional LBT and receiver assisted LBT type of schemes when channel access with LBT is used.

· FFS: If operation restrictions for channel access without LBT are needed, e.g. compliance with regulations, and/or in presence of ATPC, DFS, long term sensing, or other interference mitigation mechanisms

· FFS: The mechanism and condition(s) to switch between channel access with LBT and channel access without LBT (if local regulation allows)


Proposal 1: Strive for a unified SSB time pattern independent of with/without LBT modes. 
Regarding the LBT mechanism defined in ETSI EN 302 567 V2.1.20, an observation duration of 8 us is defined and an empty slot of 5 us is defined for backoff window. Moreover the number of the empty slot is a random number of 0 to Max number, where the Max number is not smaller than 3. When we assume the Max number is 3 and the LBT duration can be completed with 23 us. Or if the UE selects to perform self-deferral, an LBT duration of 8 us might be enough before the SSB transmission. 

Observation 4:  a gap duration larger than 23 us may be enough for LBT gap duration. 
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Fig. 2: duration needed for LBT

Next, when it comes to FR2 SSB time pattern, we observe that there is a time gap of 36 us between two SSB bursts, and this duration may be used for performing LBT. The gap duration is constant regardless FR2 SCS values. We also observe that the SSB time pattern can support potential directional LBT as well, as long as the directional LBT cover all the beam directions of the SSB bursts as shown in Fig. 2. 
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Fig. 3:  FR2 SSB time pattern supports Omni-directional or directional LBT
Observation 5: Rel. 15 FR2 SSB time pattern can support Omni-directional or directional LBT without further introducing LBT gap. 
2.3. SSB CORESET#0 pattern
In RAN1#102-e, some companies pointed out an issue for SSB CORESET#0 pattern 2 and 3, where the issue comes from the limited resource for allocating SIB1 transmission. As shown in Fig. 4, SSB 240KHz and CORESET#0 120KHz pattern 2 is used as an example. This RMSI can be allocated over 4 symbols and RMSI corresponding to SSB0 and SSB1 can be multiplexed in spatial domain, which is already supported in FR2. Thus, we believe that we don’t need to limit this usage and only restrict the SSB and CORESET#0 to pattern 1. 
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Fig. 4: RMSI resource allocation
Observation 6:  The resource limitation for SSB-CORESET pattern 2 and pattern 3 is not obvious and can be workaround. 
Observation 7: It seems not necessary to preclude pattern 2 and pattern 3 for SSB CORESET#0 multiplexing. 
2.4. PTRS enhancement
In RAN1#102-e meeting, the discussion on PTRS enhancement was triggered [1]. The pointed issue is that the current legacy PTRS may limit the phase noise compensation performance. To evaluate the legacy PTRS limit, we have conducted BLER simulation for different SCS and compare the BLER in different cases, i.e. phase noise off, phase noise on with CPE compensate, and phase noise on with ICI compensation. The simulation results show that phase noise impact is more visible for high MCS case, e.g. MCS 22. Moreover, with ICI compensation the BLER performance gets closer to phase noise off performance but still displaying a performance gap of 2~2.5 dB approximately. 
Observation 8: with legacy PTRS pattern, phase noise impact is more visible for MCS 22.

Observation 9: the ICI compensation can further reduce the BLER floor compared with simple CPE compensation, but displays a 2~2.5 dB gap to phase noise off performance. 

	
	240KHz
	480KHz

	
	off
	CPE
	ICI
	off
	CPE
	ICI

	MCS 22
	CDL DS20
	-8.5 dB
	Inf
	-6.6 dB
	-8.9 dB
	-4 dB
	-6.6 dB

	
	CDL DL50
	-9 dB
	Inf
	-6.65 dB
	-9.3 dB
	-4.3 dB
	-6.8 dB


2.5. Uplink transmission 

In last meeting, there is an agreement implying that the OCB requirement is not constantly required for every transmission, as long as a device can support a transmission mode that would meet the OCB requirement.  From this point of view, we believe that interlace based transmission used in Rel.16 NRU might not be necessary in this context. Another motivation discussed in Rel.16 NRU for interlace based transmission was to allow UE to transmit uplink transmission with maximum transmit power. However, this was true when the RB bandwidth is much smaller than 1 MHz, e.g. in FR1, but when it comes to 60GHz with relatively large RB bandwidth, this power boosting benefit shrinks accordingly.  
	Conclusion:
The OCB requirement of draft version v2.1.20 of EN 302 567 implies that

· Device supports one or multiple declared nominal channel bandwidths.

· For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth.

· FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.


Observation 10: interlace seems not necessary in 60GHz unlicensed operation, due to the OCB requirement does not need to be constantly met and the power boosting benefit seems disappear with wider RB bandwidth envisioned in 60GHz. 
2.6. PDCCH enhancement 

In last meeting, the following agreement related to PDCCH is achieved: 
	Agreement:
Consider at least the following aspects of PDCCH monitoring for a given SCS

· For new SCS, if agreed, that are not supported in Rel-15/16 NR,

· investigate on the maximum number of BDs/CCEs for PDCCH monitoring per time unit

· e.g. slot as Rel-15, or new scheduling/monitoring unit

· any potential limitation to PDCCH monitoring configurations (e.g. search spaces, DCI formats, overbooking/dropping, etc) to help with UE processing, if needed

· e.g. increased minimum PDCCH monitoring unit

· potential enhancements for CORESET, if needed

· related UE capability(ies) for PDCCH processing


In our understanding, it is beneficial to introduce a higher SCS larger than FR2 SCS for PDSCH transmission in above 52.6GHz frequency range. Accordingly, it is necessary to introduce a same higher SCS for PDCCH transmission. From UE side, the capability of PDCCH monitoring is related to a given SCS, e.g., if the configured SCS is larger, the maximum number of non-overlapped CCEs per slot one UE can monitor may be smaller, as cited in the following. Therefore, if a much higher SCS, e.g., 480kHz or 960kHz is introduced in the new FR, then the maximum number of non-overlapped CCEs per slot would be much smaller, in that case, the current CORESET may not be proper for PDCCH monitoring. Reducing CORESET RBs and increasing CORESET symbols seems beneficial for a given higher SCS if introduced.

	TS38.213:
Table 10.1-3: Maximum number 
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Observation 11: it is beneficial to increase symbols and reduce RBs for the CORESET configuration for a given large SCS if introduced. 
2.7. PRACH enhancement 

In last meeting, the following agreement related to PRACH is achieved:  

	Agreement:
Consider the at least following aspects for PRACH design of NR operating in 52.6 GHz to 71 GHz

· PRACH coverage requirements

· applicable PRACH Sequence length(s) and subcarrier spacing(s) for PRACH, including any impact on PRACH coverage and capacity from the applicable sequence length(s).

· RACH RO configurations with new SCS (if new SCS is supported)

· LBT gap between RACH occasions (RO)


Reusing FR2 PRACH formats can be a starting point for PRACH enhancement. If a higher SCS larger than FR2 SCS for PUSCH transmission in above 52.6GHz frequency range is introduced, then introducing a same higher SCS for PRACH transmission is beneficial to facilitate gNB’s receiver algorithm when PRACH and PUSCH are multiplexed in the same slot. So scaling SCS with FR2 PRACH formats can be considered for a new SCS. However, if a larger SCS is introduced, whether the PRACH coverage requirements can be fulfilled or not should be considered. Here we roughly calculated the link-budget of PRACH for different SCSs according to link-budget template provided in [4], with the SNR provided in [3] for the case of “TDL-A 10ns, PRACH format A1”, the PSD limit of 13dBm/MHz as specified by regulation and the maximum transmit power is 26dBm. The calculation is attached in appendix and the Maximum Insertion Loss (MIL) for PRACH with different SCSs is shown in Fig.5. From the figure, it is observed that the larger SCSs seem not introduce much performance loss.
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Fig. 5: Maximum Insertion Loss for PRACH with different SCSs
Observation 12: it is beneficial to introduce larger SCSs for PRACH transmission. 
3. Conclusion
In this contribution, we discussed some of the potential changes to NR over high carrier frequency band and the following proposals were made.
Proposal 1: Strive for a unified SSB time pattern independent of with/without LBT modes. 

Observation 1: From the SSB detection simulation, the FR2 SCS has comparable performance to 480KHz or 960KHz. Phase noise and mobility are not critical issue for FR2 SCS based SSB. 

Observation 2:  Using larger SCS than FR2 SCS can lead to lower SSB detection complexity due to less frequency shift hypotheses. 

Observation 3: introducing additional beam switching gap is needed when SSB SCS is beyond 480 KHz. 

Observation 4:  a gap duration larger than 23 us may be enough for LBT gap duration. 
Observation 5: Rel. 15 FR2 SSB time pattern can support Omni-directional or directional LBT without further introducing LBT gap. 
Observation 6:  The resource limitation for SSB-CORESET pattern 2 and pattern 3 is not obvious and can be workaround. 
Observation 7: It seems not necessary to preclude pattern 2 and pattern 3 for SSB CORESET#0 multiplexing. 
Observation 8: with legacy PTRS pattern, phase noise impact is more visible for MCS 22.

Observation 9: the ICI compensation can further reduce the BLER floor compared with simple CPE compensation, but displays a 2~2.5 dB gap to phase noise off performance. 

Observation 10: interlace seems not necessary in 60GHz unlicensed operation, due to the OCB requirement does not need to be constantly met and the power boosting benefit seems disappear with wider RB bandwidth envisioned in 60GHz. 
Observation 11: it is beneficial to increase symbols and reduce RBs for the CORESET configuration for a given large SCS if introduced. 
Observation 12: it is beneficial to introduce larger SCSs for PRACH transmission. 
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PRACH, A1

				Example: Company 1						OPPO

		System configuration		Ref UE
(1T2R, 100MHz)		RedCap UE
(1T1R, 50/100MHz)				Ref UE
(1T2R, 60kHz)		Ref UE
(1T2R, 120kHz)		Ref UE
(1T2R, 240kHz)		Ref UE
(1T2R, 480kHz)		Ref UE
(1T2R, 960kHz)

		Carrier frequency (GHz)		28.00		28.00				60.00		60.00		60.00		60.00		60.00

		Total carrier bandwidth (MHz)		100.00		100.00				400.00		400.00		400.00		400.00		400.00

		Transmission bit rate for control channel (bit/s)		-		-				-		-		-		-		-

		Transmission bit rate for data channel (bit/s)		-		-				-		-		-		-		-

		Target missed detection rate at 0.1% false alarm probability for the required SNR in item (19a) for control channel		1%		1%				0.1%		0.1%		0.1%		0.1%		0.1%

		Target packet error rate for the required SNR in item (19b) for data channel		-		-				-		-		-		-		-

		Pathloss model(3) (select from LoS or NLoS)		TDL-A, NLOS		TDL-A, NLOS				TDL-A, NLOS		TDL-A, NLOS		TDL-A, NLOS		TDL-A, NLOS		TDL-A, NLOS

		UE speed (km/h)		3.00		3.00				3.00		3.00		3.00		3.00		3.00

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)		4.00		4.00				16.00		16.00		16.00		16.00		16.00

		(2a) # of gNB TXRUs		2.00		2.00				2.00		2.00		2.00		2.00		2.00

		(1bis2b) Number of transmit antenna ports chains		1.00		1.00				1.00		1.00		1.00		1.00		1.00

		(23a) Maximal transmit power per antennaDownlink Power Spectrum Density (dBm/MHz)		-		-				-		-		-		-		-

		(3b) Total transmit power for carrier bandwidth = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)		23.00		23.00				39.02		39.02		39.02		39.02		39.02

		(3bis) Transmit power for occupied channel bandwidth for control channel (17a) or data channel (17b)		23.00		23.00				22.21		25.22		26.00		26.00		26.00

		(4) Transmitter antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (4a) +10*log10( (1) / (2a) ) - (4b)  (dB) for downlink, and 
                    = (4a) +10*log10( (1) / (2b) ) - (4b)  (dB) for uplink		11.02		11.02				17.04		17.04		17.04		17.04		17.04

		(4a) Transmitter antenna element gain (dBi)		5.00		5.00				5.00		5.00		5.00		5.00		5.00

		(4b) Transmitter antenna gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for downlink and delta3 for uplink		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB) antenna gain (dB) at antenna gain component 2
Note: void (=zero) for uplink		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(6) Control channel power boosting gain (dB)		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(7) Data channel power loss due to pilot/control boosting (dB)		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		1.00		1.00				1.00		1.00		1.00		1.00		1.00

		(9a) Control channel EIRP = (3bis) + (4) + (5) + (6) – (8) dBm		33.02		33.02				38.25		41.26		42.04		42.04		42.04

		(9b) Data channel EIRP = (3bis) + (4) + (5) – (7) – (8)  dBm		-		-				-		-		-		-		-

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		128.00		128.00				256.00		256.00		256.00		256.00		256.00

		(10bis) Number of receive antenna ports chains		2.00		2.00				2.00		2.00		2.00		2.00		2.00

		(11) Receiver antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (11a) +10*log10( (10) / (10bis) ) - (11b)  (dB) for downlink; and 
                     = (11a) +10*log10( (10) / (2a) ) - (11b)  (dB) for uplink		26.06		26.06				29.07		29.07		29.07		29.07		29.07

		(11a) Receiver antenna element gain (dBi)		8.00		8.00				8.00		8.00		8.00		8.00		8.00

		(11b) Receiver antena gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for uplink, and delta3 for downlink		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB) antenna gain (dB) at antenna gain component 2
Note: void (=zero) for downlink		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)		3.00		3.00				3.00		3.00		3.00		3.00		3.00

		(13) Receiver noise figure (dB)		5.00		5.00				5.00		5.00		5.00		5.00		5.00

		(14) Thermal noise density (dBm/Hz)		-174.00		-174.00				-174.00		-174.00		-174.00		-174.00		-174.00

		(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )		-999.00		-999.00				-999.00		-999.00		-999.00		-999.00		-999.00

		(15b) Receiver interference density for data channel (dBm/Hz) 		-		-				-		-		-		-		-

		(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-169.00		-169.00				-169.00		-169.00		-169.00		-169.00		-169.00

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-		-				-		-		-		-		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		16680000.00		16680000.00				8340000.00		16680000.00		33360000.00		66720000.00		133440000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		-		-				-		-		-		-		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-96.78		-96.78				-99.79		-96.78		-93.77		-90.76		-87.75

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-		-				-		-		-		-		-

		(19a) Required SNR for the control channel (dB) 		-12.20		-12.20				-5.00		-5.86		-6.50		-6.10		-5.60

		(19b) Required SNR for the data channel (dB) 		-		-				-		-		-		-		-

		(20) Receiver implementation margin (dB)		2.00		2.00				2.00		2.00		2.00		2.00		2.00

		(21a) H-ARQ gain for control channel (dB)
Note: Only applicable if HARQ is not considered in LLS		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(21b) H-ARQ gain for data channel (dB)
Note: Only applicable if HARQ is not considered in LLS		-		-				-		-		-		-		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-106.98		-106.98				-102.79		-100.64		-98.27		-94.86		-91.35

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-		-				-		-		-		-		-

		(23a) Hardware link budget for control channel (MIL) = (9a) + (11) + (11bis) − (12) − (22a)   dB		163.06		163.06				167.11		167.97		166.38		162.97		159.46

		(23b) Hardware link budget for data channel (MIL) = (9b) + (11) + (11bis) − (12) − (22b)  dB		-		-				-		-		-		-		-

		Calculation of available pathloss

		(24) Lognormal shadow fading std deviation (dB)		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		-		-				-		-		-		-		-

		(26) BS selection/macro-diversity gain (dB)		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(27) Penetration margin (dB)		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(28) Other gains (dB) (if any please specify)		0.00		0.00				0.00		0.00		0.00		0.00		0.00

		(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		163.06		163.06				167.11		167.97		166.38		162.97		159.46

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		-		-				-		-		-		-		-



		(40a) MCL for control channel = (3bis) + (6) −  (22a)  + (5) + (11bis) dB		129.98		129.98				125.00		125.86		124.27		120.86		117.35

		(40b) MCL for data channel = (3bis) − (7) − (22b)  + (5) + (11bis) dB		-		-				-		-		-		-		-
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