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1    Introduction
A few way forwards on SUL and uplink sharing were agreed in RAN1#89 meeting [1][2][3]. A liasion was also sent to RAN2 and RAN4 to consider the following RAN1 agreements [4]:
	Specify mechanisms for supporting supplementary Uplink frequency 
· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective
· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 
· Note: The SUL frequency can be a frequency shared with LTE UL (at least for the case when NR spectrum is below 6 Ghz).
· Minimize impact to NR physical layer design to enable this co-existence
· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion


In RAN4 NR#2, RAN4 discussed how to define the SUL band/band combinations. The agreement is to define the SUL bands in the general NR operating bands table and define band combination of SUL and NR band in a separate table. A liasion about RAN4 agreements was sent to RAN1/2 [5].
In this contribution, we discuss the potential RAN2 impacts on support of supplementary uplink frequency.
2    Discussion
According to RAN1 LS, RAN1 was agreed to specify mechanisms for supporting supplementary uplink frequency. The SUL refers to the case where is only UL resource for a carrier from NR perspectives. NR SUL frequency is used as a complementary access link. Normally, SUL frequency is lower than NR uplink frequency in order to improve the uplink coverage. UE may select PRACH resources either in NR normal uplink frequency or NR SUL frequency.
2.1 Uplink related information broadcasting
The main motivation to introduce SUL frequency is to improve the uplink coverage due to the relative high frequency of NR bands. From gNB perspective, it can operate in a SUL+NR band combination manner, which means that one cell composes of one downlink frequency and two uplink frequencies. 
In LTE, uplink related information including uplink carrier frequency, uplink bandwidth and IE RadioResourceConfigCommon are broadcast in SIB2. IE RadioResourceConfigCommon is used to specify common uplink radio resource configurations, including RACH, PUSCH, PUCCH, sounding RS configurations.
SystemInformationBlockType2 information element
-- ASN1START

SystemInformationBlockType2 ::=		SEQUENCE {
	ac-BarringInfo						SEQUENCE {
		ac-BarringForEmergency				BOOLEAN,
		ac-BarringForMO-Signalling			AC-BarringConfig				OPTIONAL,	-- Need OP
		ac-BarringForMO-Data				AC-BarringConfig				OPTIONAL	-- Need OP
	}																		OPTIONAL,	-- Need OP
	radioResourceConfigCommon			RadioResourceConfigCommonSIB,
	ue-TimersAndConstants				UE-TimersAndConstants,
	freqInfo							SEQUENCE {
		ul-CarrierFreq						ARFCN-ValueEUTRA				OPTIONAL,	-- Need OP
		ul-Bandwidth						ENUMERATED {n6, n15, n25, n50, n75, n100}
																			OPTIONAL,	-- Need OP
		additionalSpectrumEmission			AdditionalSpectrumEmission
	},
RadioResourceConfigCommon information element
RadioResourceConfigCommonSIB ::=	SEQUENCE {
	rach-ConfigCommon					RACH-ConfigCommon,
	bcch-Config 						BCCH-Config,
	pcch-Config 						PCCH-Config,
	prach-Config						PRACH-ConfigSIB,
	pdsch-ConfigCommon					PDSCH-ConfigCommon,
	pusch-ConfigCommon					PUSCH-ConfigCommon,
	pucch-ConfigCommon					PUCCH-ConfigCommon,
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]	soundingRS-UL-ConfigCommon			SoundingRS-UL-ConfigCommon,
	uplinkPowerControlCommon			UplinkPowerControlCommon,
	ul-CyclicPrefixLength				UL-CyclicPrefixLength,
	...,
	[[	uplinkPowerControlCommon-v1020	UplinkPowerControlCommon-v1020		OPTIONAL	-- Need OR
	]],
	[[	rach-ConfigCommon-v1250			RACH-ConfigCommon-v1250				OPTIONAL	-- Need OR
	]],
	[[	pusch-ConfigCommon-v1270		PUSCH-ConfigCommon-v1270			OPTIONAL	-- Need OR
	]],
	[[	bcch-Config-v1310				BCCH-Config-v1310					OPTIONAL,	-- Need OR
		pcch-Config-v1310				PCCH-Config-v1310					OPTIONAL,	-- Need OR
		freqHoppingParameters-r13		FreqHoppingParameters-r13			OPTIONAL,	-- Need OR
		pdsch-ConfigCommon-v1310		PDSCH-ConfigCommon-v1310			OPTIONAL,	-- Need OR
		pusch-ConfigCommon-v1310		PUSCH-ConfigCommon-v1310			OPTIONAL,	-- Need OR
		prach-ConfigCommon-v1310		PRACH-ConfigSIB-v1310				OPTIONAL,	-- Need OR
		pucch-ConfigCommon-v1310		PUCCH-ConfigCommon-v1310			OPTIONAL	-- Need OR
	]],
	[[	highSpeedConfig-r14				HighSpeedConfig-r14					OPTIONAL,	-- Need OR
		prach-Config-v14xy				PRACH-Config-v14xy					OPTIONAL	-- Need OR
	]]
}
Based on RAN1 agreement in RAN1#89, UE may select PRACH resources either in the NR uplink frequency or the SUL frequency. In order to support random access on SUL frequency, corresponding uplink information of SUL frequency should also be broadcast in system information. Hence, two sets of uplink resource information including uplink carrier frequency, uplink bandwidth and common uplink configuration information should be broadcast in system information for both SUL frequency and NR uplink frequency. 
Proposal 1: Two sets of uplink resource information should be broadcast in system information for both SUL frequency and NR normal uplink frequency, including uplink carrier frequency, uplink bandwidth and common uplink configuration information.
2.2 PRACH resource selection
In this section, we discuss how to select the PRACH resources from two uplink frequencies (i.e. SUL frequency and NR normal uplink frequency). Three candidate solutions are considered as follows.
· PRACH resource selection based on UE implementation
PRACH resource selection based on UE implementation is simple and has no specification impact. In this case, UE may always choose the lower uplink frequency in order to ensure the success rate of random access. This is of course not desirable since it will cause congestion in lower uplink frequency. In order to balance the load on different uplink frequencies, gNB needs to reschedule the uplink resource for UE depending on its uplink radio condition after the random access. 
One possible optimized UE implementation is selecting the PRACH resources based on UE estimated uplink radio condition. If the uplink radio condition is good, UE may select the higher uplink frequency for random access, otherwise lower uplink frequency will be selected. The uplink radio condition could be estimated based on measured downlink signal. But in SUL+NR scenario, SUL frequency and NR UL/DL frequency belongs to different band, the path loss of SUL frequency and NR downlink frequency could be quite different. The accuracy of UE estimated uplink radio condition is hard to ensure. 
· Multiple Msg.1 transmission
RAN1 discussed the multiple random access (Msg.1) transmission in NR multi-beam operation scenario. The related agreements are provided as follows.
	Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 


RAN1 agreed that UE could be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window. In the case of UE without Tx/Rx beam correspondence, UE does not know which Tx beam should be used to send Msg.1. So allowing retransmission of Msg.1 with a different UE TX beam when Msg.2 is not received during the RAR window can improve the random access latency.
Similar approach can be considered in SUL+NR scenario. For example, UE could transmit Msg.1 on NR normal uplink frequency first, and then retransmit Msg.1 on SUL frequency before the end of a monitored RAR window. If gNB receive multiple Msg.1 via different uplink frequencies, gNB will determine which one to use and transmit only one RAR.  
One main concern of this approach is the PRACH overhead, especially in contention-based random access case. Another concern is that multiple Msg.1 transmission on different uplink frequencies may add extra complexity of power control.
· Network assisted PRACH resource selection
gNB can configure a threshold to help UE select PRACH resources, similar as NB-IOT. The configured threshold represents the minimum received signal power of selecting higher uplink frequency.
For example, if downlink radio condition (e.g. RSRP) is lower than the configured threshold, UE will select the PRACH resources in lower uplink frequency; if downlink radio condition (e.g. RSRP) is higher than the configured threshold, UE can select the PRACH resources in higher uplink frequency.  
gNB configured threshold can help UE select suitable PRACH resources without additional overhead and UE complexity. So we propose that UE select the PRACH resources based on gNB configured threshold in SUL+NR scenario.
Proposal 2: UE select the PRACH resources based on gNB configured threshold. 
[image: ]
Figure 1: PRACH resources selection between SUL and NR uplink frequency
3   Conclusions
In this contribution, we discuss the potential RAN2 impacts on support of supplementary uplink frequency and propose that:
Proposal 1: Two sets of uplink resource information should be broadcast in system information for both SUL frequency and NR normal uplink frequency, including uplink carrier frequency, uplink bandwidth and common uplink configuration information.
Proposal 2: UE select the PRACH resources based on gNB configured threshold. 
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