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1. Introduction

This is the summary document for 7.2.2.2.5 on wide-band operation for NR-U, based on the contributions listed in reference section.

2. RF aspects

For the convenience of discussion, overall description in reply LS from RAN4 [27] is captured as follows.

	1. Overall Description:

RAN4 would like to thank RAN1 for the LS on wideband carrier operation in NR-U. RAN4 has discussed the issue and concludes the following:

· Question 1: Will there be a need for RF requirements within a wideband carrier (> 20 MHz) that spans multiple “LBT sub-bands?” Please consider transmit/receive requirements at both gNB and UE.

New RF requirements would be needed for transmission options as described in RAN1 LS, such as: 

· In-carrier leakage and blocking requirement: this will be required at the “gap(s)” where CCA fails.

· “Out-of-BWP” (however within the wideband carrier) leakage requirement: this may be required at the edges of BWP within the wideband carrier bandwidth.

RAN4 understands that there are potential challenges to define such requirements for some of the transmission options as shown in the LS (more than 20MHz transmission bandwidth when LBT fails in any “internal” LBT sub-band in the transmission bandwidth). However, for transmissions spanning multiple contiguous LBT sub-bands, requirements can be specified. RAN4 will study all these further in future meetings. 

· Question 2: Will guard bands be needed at the edges of each “LBT sub-band”?

Guard bands may or may not be needed and this needs further investigations depending on RF requirements for UE and gNB, etc. RAN4 would need to do further analysis on how to specify them. 


On Question 1, it can be understood that at least transmissions spanning multiple contiguous LBT sub-bands is feasible from RAN4 perspective. From this understanding, Fujitsu [5] and Nokia [8] proposed to update Option 3 in Section 3 with the restriction of contiguous multiple LBT sub-bands transmission. Meanwhile, Huawei [26] pointed out that if similar requirement for intra-band carrier aggregation is applied for in-band RF leakage by considering each 20 MHz chunk as a carrier, non-contiguous LBT sub-bands transmission can be also feasible. To be specific, Huawei [26] stated that 802.11ax also adopted preamble puncturing mode with the in-band signal leakage requirement that leakage from the occupied 20 MHz chunks to the preamble punctured 20 MHz chunk shall be less than or equal to -20 dBr (dB relative to the maximum spectral density of the signal) starting 0.5 MHz from the boundary of the preamble punctured 20 MHz chunk. In addition, AT&T [11] stated that even though BWP based operation can be more efficient than CA based operation, in case BWP based solution with RF requirements within a single wideband carrier is deemed infeasible or too complex, we need to consider zero-guard implementations of the carrier aggregation framework. AT&T [11] also stated that when discussing solutions for non-contiguous contiguous LBT sub-bands transmission, we need to consider the regular structure of LBT sub-bands (i.e., 20 MHz granularity of LBT sub-band size) to optimize their solution. Based on above discussion, it seems necessary to discuss further the feasibility or complexity of non-contiguous LBT sub-bands transmission.
Observation:
· There are no outstanding challenges from RAN4’s perspective to specify multiple contiguous LBT sub-bands transmission within a wideband carrier.
3. BWP operation

3.1. DL

In RAN1#94bis meeting, the following four options were agreed for BWP-based operation for DL within a carrier with bandwidth larger than 20 MHz and company views for each option are as follows.

· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs

· Supported by: Huawei [1], ZTE [2]
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Supported by:
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Supported by: Fujitsu [5], Charter [15] (with fast BWP switching and activation), Apple [16], Ericsson [22], Xiaomi [25]

· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Supported by: Huawei [1], vivo [3], MediaTek [4], Fujitsu [5], Panasonic [6], OPPO [7], Nokia [8], Sony [9], Lenovo [10], LG [13], Spreadtrum [14], Sharp [18], Qualcomm [19], NTT DOCOMO [20], WILUS [23], Samsung [24] (if no issues on RF development are identified from RAN4), Xiaomi [25], Intel [12], ZTE [2]

Given that only two companies support Option 1a and large specification impact for RAN1 as well as RAN2 can be foreseen by adopting a feature (i.e., multiple active BWPs) not supported for Rel-15 NR, following is suggested.

Proposal for agreement:
· Operation with multiple active BWPs for a carrier on unlicensed bands is not supported at least in Rel-16 NR-U WI.
In addition, since the majority of companies support Option 3, following proposal can be recommended with FFS for RF aspects especially on contiguous or non-contiguous frequency domain transmission within BWP, considering RAN4’s reply LS [27] and related discussion as summarized in Section 2.

Proposal:
· For DL BWP operation within a carrier with bandwidth larger than 20 MHz, the following option is adopted.

· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· FFS for restriction on transmission in frequency domain within the BWP, e.g., only contiguous (one or) multiple LBT sub-bands (with or without dynamic change of frequency resource depending on LBT outcome) or at most [2] discontinuous blocks where each block spans contiguous (one or) multiple LBT sub-bands
Proposal for agreement:
· For DL BWP operation within a carrier with bandwidth larger than 20 MHz, the following option is adopted.

· Option 3: Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single BWP where CCA is successful at gNB
· FFS: Restriction on transmission in frequency domain within the BWP, i.e., at most X (to be decided by RAN4) discontinuous blocks where each block spans contiguous (one or) multiple LBT sub-bands
· Note: It is RAN1’s understanding that X=1 (i.e., only one contiguous one or multiple LBT sub-bands) is feasible.
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different X values, different transmission bandwidths
· FFS: Whether to limit occupied LBT sub-bands due to regulation and coexistence consideration

· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure

· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts
3.2. UL

Similar to DL BWP operation, in RAN1#95 meeting, the following four options were agreed for BWP-based operation for UL within a carrier with bandwidth larger than 20 MHz and company views for each option are as follows.

· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on one or more BWPs
· Supported by: ZTE [2]，Huawei[1]

· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP
· Supported by:
· Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP
· Supported by: Charter [15] (with fast BWP switching and activation), Qualcomm [19], Ericsson [22], Samsung [24], Xiaomi [25], Intel [12]

· Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE
· Supported by: OPPO [7] (at least for HARQ-ACK piggyback PUSCH), Nokia [8], Lenovo [10], LG [13], Spreadtrum [14], Sharp [18], NTT DOCOMO [20], Xiaomi [25], Huawei[1], vivo[3], MTK[4], Sony [9], ZTE [2]
Compared to DL BWP operation, more inputs from companies seem to be necessary and it is noted that some companies have different view for DL and UL operation.

Proposal:
· Discuss further UL BWP operation within a carrier with bandwidth larger than 20 MHz.
4. Channel access procedure

As for the channel access procedure for wide-band operation in NR-U, company views are summarized as follows.
	Company
	Views

	ZTE [2]
	Proposal 4: LBT of LTE-LAA multiple CCs (e.g., Type A/B) manner can be used as starting point for research LBT for multiple carriers

	Vivo [3]
	Proposal 1: Multi-carrier LBT schemes can be used for the BWP with bandwidth larger than 20MHz

	MediaTek [4]
	Proposal #3: The LBT unit is a radio resource cluster, where a cluster may consists of multiple LBT subchannels.

Proposal #5: A radio resource cluster is considered as “channel idle” if LBT passes in all the LBT subchannels within the cluster.

	Fujitsu [5]
	Proposal 1: For an NR-U wideband carrier, NR-U needs to support the sub-band LBT based on the framework of LTE-LAA multi-carrier channel access for less standardization work.

•
Treat an LBT sub-band as an LTE-LAA carrier, and treat the NR-U wideband carrier as an aggregation of LTE-LAA carriers.

•
Support both Type A and Type B.

Proposal 5: The impacts of adaptive bandwidth on CWS adjustment need to be studied.

	OPPO [7]
	Proposal 3: Wideband LBT should be supported if option 2 is adopted for wide-band operation for a single carrier.

	Sony [9]
	Proposal 2: NR-U to support prioritization between multiple configured sub-bands for transmissions over a wideband carrier.

	Charter [15]
	Proposal 3: NR-U supports Type A multi-carrier channel access, and Type B multi-carrier channel access with channel bonding requirements on both the DL and UL.

	Apple [16]
	Proposal 2: NR-U supports narrow band monitoring from UE side, where UE only monitors scheduling information on single “primary” sub-channel configured by the network.
Proposal 3: For dynamic BW adaptation in NR-U using BWP switching, consider introducing sub-channel bonding rule.

	ITRI [21]
	Proposal: One default sub-band in a BWP could be configured to provide an assistance information for a UE to determine whether or not other sub-band(s) is valid for access.

	Huawei[28]
	Proposal 4: multi-carrier channel access procedure can be reused for wideband operation with multiple serving cells and each cell has 20MHz bandwidth.

Proposal 5: LBT subband(s) in units of 20MHz within a configured BWP should be defined when one serving cell has bandwidth larger than 20MHz. 

Proposal 6: In addition to subband LBT (e.g. 20 MHz), wideband LBT spanning more than one 20 MHz channel should be supported for wideband operations of NR in the unlicensed spectrum, in order to reduce the LBT complexity and energy consumption, especially when accessing multiple wideband carriers.   

Proposal 7: Semi-static and dynamic adaptation of LBT bandwidth should be supported for wideband operations of NR in the unlicensed spectrum.

Proposal 8: An LBT bandwidth adjustment condition can be determined over a given period based on:

· Success ratio of channel access attempts on current LBT bandwidth configuration

· Ratio of successful decode indications fed back by receiver

· Other options are not precluded

· FFS: The adaptation time period


It is observed that most companies have the opinion that LTE LAA type A/B multi-carrier channel access procedure can be the starting point for wide-band operation for NR-U. Therefore, following proposal can be made.
Proposal:
· For wide-band operation (in integer multiples of 20MHz) for NR-U supported with multiple serving cells or with one serving cell having bandwidth > 20MHz,

· gNB performs channel access procedure in units of 20 MHz, based on type A and B multi-carrier access procedures defined for LTE LAA.

· FFS for channel bonding requirements on both the DL and UL

· FFS for CWS adjustment
5. DL/UL signal/channel design

Several companies pointed out that if Option 3 for DL/UL BWP operation in Section 3 is adopted, some enhancements or optimization can be necessary to DL/UL signal/channel design. So, proposed signal/channel designs are summarized as follows.

	Company
	Views

	Vivo [3]
	Proposal 3: The data scheduling mechanisms should be further studied for option 3.

Proposal 4: Flexible CORESET configuration is beneficial to improve PDCCH transmission opportunity for NRU operation in wideband carrier, i.e. 

- Increase the number of CORESETS that can be configured for a UE in each BWP;

- Wideband CORESET with new CCE/REG mapping or bundling schemes for CORESET; 

- Flexible CORESET/search space configuration adapted flexibly in time-frequency domain.

	MediaTek [4]
	Proposal#4: The initial DL/UL BWP is a single-cluster BWP.

Proposal#6: Preamble can be used for serving RAT signal detection.

Proposal#7: The CORESET is confined within the cluster.

Proposal#8: For the multi-cluster BWP, at least one of the clusters is configured with CORESET(s).

Proposal#9: The search space is configured per BWP.

Proposal#10: Within a cluster, the UE performs PDCCH monitoring only if a specific preamble is detected by the UE.

	Fujitsu [5]
	Proposal 4: One PDCCH should be confined within a LBT sub-band to avoid the transmission blocking due to the sub-band based LBT.

	Nokia [8]
	Proposal 3: If BWP operation according to modified Option 3 is supported, existing DL control structures (CORESETs and search-spaces) can be reused with the following modifications:

•
CORESET configuration bitmap shall take into account the potential guard-bands and existing sub-band boundaries.

•
Search-space hashing operates on CCEs of a CORESET within each sub-band.

Proposal 4: If BWP operation according to modified Option 3 is supported, for transmissions preceded by CAT2 or CAT4 LBT, a UE/gNB transmits/receives one TB per sub-band in the first/partial slot(s) of a COT, in later consecutive slots TB may span over multiple sub-bands of a BWP.

Proposal 5: If BWP operation according to modified Option 3 is supported, for PUSCH transmissions preceded by CAT1 LBT in shared gNB COT, a UE/gNB may transmit/receive one TB across multiple sub-bands of a BWP.

Proposal 6: For WB operation according to modified Option3, for transmissions preceded by CAT2 or CAT4 LBT, in case of contiguous multi-PUSCH scheduled within the same COT, HARQ process indexing in multiple PUSCH depends on the outcome of LBT. 

Proposal 7: PUCCH resource configuration in frequency domain is enhanced to ensure sufficient number of PUCCH resources on each BWP sub-band. 

	Sony [9]
	Proposal 3: Enhancements of frequency domain indication should be considered taking occupied bandwidth into account.

	Lenovo [10]
	Proposal 5: CBG-based retransmission is supported for DL transmission.

Proposal 8: CBG-based retransmission is supported for UL transmission.

	Speadtrum [14]
	Proposal 3: Both rate matching and puncture methods should be considered in single carrier wideband transmissions.

Proposal 4: The information of successful subband-index should be carried in PUCCH.

Proposal 5: It is beneficial to introduce CBG-based initial transmission, and the relevant studies are needed.

	Qualcomm [19]
	Proposal 4: Rel.15 NR wideband multi-cluster coreset can be used to support subband based access of wideband BWP.

Proposal 5. Include the subband usage information as part of the COT structure indication.

	Samsung [24]
	Proposal 3: For wideband operation, PDCCH candidate(s) should be confined per LBT sub-band.

Proposal 4: Further discuss interlace design for carriers with bandwidth larger than 20MHz after the conclusion of sub-band LBT.

	Xiaomi [25]
	Proposal 3: Further study how to perform the UL transmission when part or full scheduled resource is not usable.

	Huawei [1]
	PDCCH and PUCCH should be confined within LBT subband

UE can acquire actual DL transmission bandwidth in GC-PDCCH 

gNB can acquire actual UL transmission bandwidth through front loaded DMRS in PUSCH.

	ZTE [2]
	CORESET configuration should be confined within a LBT subband

CBG-based retransmission is supported for DL/UL transmission


Observation:
· If Option 3 for DL/UL BWP operation (i.e., multiple BWPs can be configured, single BWP activated, gNB/UE transmits PDSCH/PUSCH on parts or whole of single BWP where CCA is successful at gNB/UE) is adopted, consider at least followings for Option 3 to be facilitated more efficiently for NR-U.

· PDCCH design (e.g., CORESET configuration, search space set configuration) and PUCCH resource configuration
· CBG based (re)transmission for PDSCH/PUSCH
· COT structure indication and COT sharing in frequency domain
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Appendix: Previous agreements
Agreement: (RAN1#92bis)
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.

Agreement: (RAN1#94bis)
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.

· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.

· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs

· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP

· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP

· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB

· Note: CCA is declared to be successful or not in multiples of 20 MHz.

· FFS for UL operation including some or all of above options can be applied

· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

Agreement: (RAN1#95)
· For wideband operation for both DL and UL,

· Bandwidth larger than 20 MHz can be supported with multiple serving cells.

· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.

· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs

· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP

· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP

· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB

· For UL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.

· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP

· Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP

· Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE

· It is noted that CCA is declared to be successful or not in multiples of 20 MHz.

· Detailed design and potential selection from the above options can be further discussed when specifications are developed considering protocol and RF aspects. 

