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1 Introduction

In RAN1#88 meeting [1], it was agreed that:
Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15

· Note:  final decision on the value  is up to RAN4

· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600  in Rel-15

· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing

· Note: final value for a given channel BW is up to RAN4 decision

· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 

· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases
Agreements:
· Prepare draft LS in R1-1703919 – Peter (Qualcomm) to RAN4 to inform that RAN1 is discussing following alternatives for a wider BW CC, i.e., CC BW greater than X (e.g., 100 MHz), 
· A) UE is configured with one wideband carrier while the UE utilizes multiple Rx/Tx chains (Case 3)
· B) A gNB can operate simultaneously as wideband CC for some UEs (UEs with single chain) and as a set of intra-band contiguous CCs with CA for other UEs (UEs with multiple chains)
· FFS: Potential impact on design for the wide BW signal/channels

· Note: The support of multiple Rx/Tx chains in the gNB within one wideband CC is not addressed in above discussion 
In this contribution, we address some considerations on wideband carrier operation and multiple carrier operation, then a unified design for wideband and multiple carrier operation is given.
2 Discussion

2.1 Number of subcarriers

In RAN1#88 meeting, it was agreed that at least for single numerology case, the maximum number of subcarriers per NR carrier is 3300 or 6600. 
For mixed numerology case, two alternatives could be considered.
· Alt-1: The maximum number of subcarriers for EACH SCS per NR carrier is N (3300 or 6600). RAN1 can further define SCS sets that are supported in one carrier.
· Alt-2: The maximum number of subcarriers for ALL SCS per NR carrier is N (3300 or 6600). 
· If f0*N (3300 or 6600) is not smaller than the carrier bandwidth, then SCS equals to or larger than f0 could be used for the carrier.
Alt-1 gives full flexibility of utilization of each numerology in one carrier, Alt-2 have some limitation but seems easy for implementation. Table 1 and Table 2 give some analysis on supported SCS set for a given carrier bandwidth with the restriction of the maximum number of ALL subcarriers. 
As shown in Table 2, 15kHz subcarrier spacing can be supported for 100MHz mixed numerology carrier if N equals to 6600. Supporting 15kHz subcarrier spacing for 100MHz mixed numerology carrier have the following benefits:

· Support LTE like deployment scenarios with 15kHz normal CP for wideband carrier.
· Support better UL coverage for PUCCH and PUSCH.
· Support same subcarrier spacing for DL and UL transmission in the LTE-NR UL sharing only scenario. This is because in LTE-NR shared UL spectrum, 15kHz could be used in NR for easy co-existence with LTE. 

Table 1 the maximum number of subcarriers for ALL SCS per NR carrier is 3300 
	Set
	Maximum BW (MHz)
	Supported SCS set (kHz)
	Band

	1
	50
	15,30,60
	< 6GHz

	2
	100
	30,60
	< 6GHz


Table 2 the maximum number of subcarriers for ALL SCS per NR carrier is 6600 

	Set
	Maximum BW (MHz)
	Supported SCS set (kHz)
	Band

	1
	50
	15,30,60
	< 6GHz

	2
	100
	15,30,60
	< 6GHz


Proposal 1: For mixed numerology case, if f0*N (3300 or 6600) is not smaller than the carrier bandwidth, then SCS equals to or larger than f0 could be used for the carrier from RAN1 perspective. FFS N between 3300 or 6600 for mixed numerology case.
2.2 UE with different RF chain capabilities
Generally, a RF chain contains the different elements of a low-IF/zero-IF architecture, in particular clock/carrier generation and distribution, modulator, mixers, low-noise amplifier (LNA), variable-gain amplifier (VGA), analog/digital converters (DAC and ADC), and etc. Due to different clock modules in different RF chains, if multiple RF chains are used to support the single wideband carrier, taken Case 3 as an example, there will be several problems:

· Phase and amplitude discontinuity between the 2 RF chains. For DL transmission, gNB may avoid any scheduling near the region between the 2 RF chains; for UL transmission, the single carrier property of the DFT-s-OFDM waveform is destroyed.
· Synchronization error in time and frequency domain between the 2 RF chains.  Additional specification may be needed to address this problem, such as additional synchronization signal between the 2 RF chains.
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Figure 1 Possible operations for wider bandwidth
As discussed above, for the single carrier operation, a continuous waveform with phase and amplitude continuity should be assumed. For single numerology case, RAN1 should assume a single RF chain for a single carrier operation. Consequently, for Case 1, gNB and UE should operate as single carrier mode; for Case 3, gNB and UE should operate as intra-band CA mode. For mixed numerology case, one RF chain for multiple numerologies or one RF chain per numerology should be studied in RAN4.
Proposal 2:  For a wider bandwidth CC, a gNB can operate simultaneously as wideband CC for some UEs (UEs with single chain) and as a set of intra-band contiguous CCs with CA for other UEs.
2.3 Unified design for wideband carrier and multiple carrier operation

In RAN1 NR Ad-Hoc meeting, it was agreed that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15, and RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier. For supporting the maximum carrier bandwidth, aggregation of multiple subbands with smaller channel bandwidth could be considered, in which the candidate channel bandwidth can be scaled from the reference channel bandwidth. For example, 400MHz carrier bandwidth could be supported by aggregating four subbands of 100MHz channel bandwidth. In a cell with wider bandwidth, the aforementioned subband operation could be used for UEs with one RF chain, and intra-band CA could be used for UEs with multiple RF chains. 
Since the scalable design for wideband operation is a mechanism of aggregation, multiple carrier operation should be taken as a baseline for the wideband operation. RAN1 should strive for a unified design for wideband operation and multiple carrier operation. For example, from gNB side, one cell could contain multiple carriers and multiple subbands, the carrier and the subband are defined by carrier ID and subband ID, respectively. For multi carrier operation, there is one primary-carrier and corresponding primary carrier ID; for multi subband operation, there is one primary-subband and corresponding primary subband ID. Bandwidth adaption could be achieved by carrier activation/deactivation for multiple carrier operation (e.g. activation/deactivation some RF chains), subband activation/deactivation for single carrier operation (e.g. adjust monitor bandwidth of one RF chain).
For the wideband operation, there should be no guard band between the two contiguous subbands. For intra-band contiguous CA, no guard band between the two contiguous CCs should be strived for to achieve the unified design and reduce the overhead. As discussed in our companion contribution [2], it is beneficial if the NR carrier frequency is on a raster which is a multiple of an NR subcarrier spacing, since this will make the overhead of the SS smaller.  In addition, it is also beneficial for multiple carrier operation, e.g. frequency raster which is one PRB could achieve no guard band between two contiguous CCs.
Proposal 3: Subband aggregation could be considered to support a wideband carrier, and RAN1 should strive for the same operation as intra-band carrier aggregation.

· For CA and DC, SS raster design should strive for no guard band between two contiguous CCs.
Proposal 4: For a gNB, one cell could include multiple carriers and multiple subbands. For a UE with one RF chain, the subband IDs are informed; for a UE with multiple RF chains, the carrier IDs are informed.
In RAN1#86bis, it was agreed for frequency band below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz, and for frequency band below 6 GHz, the transmission bandwidth is not more than [5 or 20] MHz. To support a single carrier with 400 MHz, one set of SCH may not be sufficient for time and frequency domain synchronization with the same degree of accuracy over the carrier. In the scenario of intra-band contiguous multi-carrier operation, when the aggregated bandwidth is not much wide, carriers could be considered as synchronized in time and frequency, so no separate synchronization processing is needed in the receiver. Therefore, only one set of SCH could be defined in a default carrier. When the aggregated bandwidth is much wide, multiple sets of SS/broadcast channel and corresponding default carriers should be defined. With synchronization to the default carrier(s), UE could be operated on any carrier by the fast carrier switching mechanism
As discussed above, as illustrated in Figure 2, multiple sets of SCH should be defined in a cell with wider bandwidth from gNB side. For UEs with one RF chain, one or multiple sets of SCH could be used for synchronization. For UEs with multiple RF chains, several carriers could be non-standalone carriers without SCH to reduce overhead, and the carrier with SCH could be taken as primary-carrier and there could be multiple candidates primary-carrier in the cell. 
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Figure 2 Multiple sets of SCH in one carrier
Proposal 5: For a wider bandwidth cell, multiple sets of SCH could be considered for UEs with one RF chain, one set of SCH or none SCH in one carrier for UEs with multiple RF chains.
As widely discussed in previous RAN1 meetings, different numerologies, e.g. subcarrier spacing, are likely to be used for frequency bands below 6GHz and above 6GHz. Consequently, it is likely that a UE aggregate multiple carriers with different numerologies and cross-carrier scheduling with different numerologies should be studied [3][4]:

· For low frequency assisted high frequency transmission via CA, low frequency could cross-carrier schedules the high frequency to provide robust transmission of control information of high frequency. As illustrated in Figure 3, since low frequency would use longer slot, long slot cross-carrier schedules short slot should be studied. 
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Figure 3 Cross-carrier scheduling for LF-assisted HF scheduling

Proposal 6: Cross-carrier scheduling with multiple numerologies should be supported in NR CA and DC.
3 Conclusion
Proposal 1: For mixed numerology case, if f0*N (3300 or 6600) is not smaller than the carrier bandwidth, then SCS equals to or larger than f0 could be used for the carrier from RAN1 perspective. FFS N between 3300 or 6600 for mixed numerology case.
Proposal 2:  For a wider bandwidth CC, a gNB can operate simultaneously as wideband CC for some UEs (UEs with single chain) and as a set of intra-band contiguous CCs with CA for other UEs.
Proposal 3: Subband aggregation could be considered to support a wideband carrier, and RAN1 should strive for the same operation as intra-band carrier aggregation.

· For CA and DC, SS raster design should strive for no guard band between two contiguous CCs.

Proposal 4: For a gNB, one cell could include multiple carriers and multiple subbands. For a UE with one RF chain, the subband IDs are informed; for a UE with multiple RF chains, the carrier IDs are informed.
Proposal 5: For a wider bandwidth cell, multiple sets of SCH could be considered for UEs with one RF chain, one set of SCH or none SCH in one carrier for UEs with multiple RF chains.
Proposal 6: Cross-carrier scheduling with multiple numerologies should be supported in NR CA and DC.
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