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1. Introduction
At RAN1 #88, the following was agreed [1]

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 

At RAN1 #88b, in addition the following was agreed [11]

Agreement:
· Support the following: 

· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 

· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster

· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC

· It is RAN1 understanding that guard band might be supported by RAN4 

· Allow single or multiple Sync signal locations in wideband CC

· Consider further impact on design for: 

· Reference signals

· Resource Block Group design and CSI subbands

In this contribution, we discuss our views on the remaining topics.  
2. Discussion
2.1.  General discussion 
In LTE, a Component Carrier (CC) had the following attributes:
· A Transport Block (TB) is confined within a CC

· Every control message refers to an individual CC (i.e. no joint grant)

· Signals and waveforms are confined within a CC

· CCs can be individually configured

· CCs can be individually activated/deactivated

· HARQ operation is per CC

In NR, some of the above can be modified.  
2.2. Efficient coexistence of wideband operation with CA
Consider the case where the gNB appears simultaneously as a wideband CC for some UEs and as intraband aggregated CCs for some other UEs. 

We will use the following definitions:  

· Type A UEs:
· UEs that operate in intraband contiguous CA mode 
· Type B UEs:
· UEs that operate in a wideband mode 
Note that a UE can have both Type A and Type B capability.  As a matter of fact, Type B UEs should typically also have Type A capability. However, some Type A UEs may not have Type B capability. 
Proposal 1:   Provide specification support for the following: 

· In the DL: 

· Support both the following:

· Multiple synchronization signals: Transmit initial acquisition signals (PSS/SSS/PBCH) on multiple subbands in a wideband CC 

· Single synchronization signal: Type A UEs transfer timing and frequency info from one CC to another CC (e.g. from PCell to SCell)
· In order to minimize overhead, support using the same reference signal, e.g. tracking RS, CSI-RS for both Type A and Type B UEs
· In order to enable MU-MIMO multiplexing of Type A and Type B UEs, define compatible DL DM-RS scrambling sequences

· In order to enable MU-MIMO multiplexing of Type A and Type B UEs, define compatible CSI subbands
· In order to enable efficient FDM-ing of Type A and Type B UEs, define compatible resource block groups for DL resource allocation

· In the UL
· In order to minimize overhead, support multiplexing SRS of Type A and Type B UEs

· In order to enable MU-MIMO multiplexing of Type A and Type B UEs, define compatible UL DM-RS scrambling sequences

· In order to enable efficient FDM-ing of Type A and Type B UEs, define compatible resource block groups for UL resource allocation
2.2.1.  DFT-S-OFDM signal BW

In the UL, the UE will have to support not only OFDM but also DFT-S-OFDM waveforms. It is an additional question what maximum BW the UE should support the DFT operation over.  Although in theory it is possible that the maximum BW supported by the UE for DFT spreading is different from the Device RF BW, we will ignore this possibility here. We assume that the maximum DFT-S-OFDM BW of a device is the same as the Device RF BW. 

It should be studied what the maximum useful BW of the DFT-S-OFDM waveform is.  Although the motivation for the introduction of DFT-S-OFDM was in a large part maintaining coverage for < 6 GHz associated with smaller BW allocations, DFT-S-OFDM waveform can be very useful in > 6 GHz, even with much larger BW allocations.  The reason for this is the combination of the prevalence of TDM-ing of UEs in mmWave (due to analog beamforming) and the very large BW available.  
Suppose a few UEs in a cell have UL data at a given time.  The chances of them being all on the same gNB Rx beam is small, so UEs will be TDM’d. Often, the gNB could have 400MHz to schedule a single UE.  

Assume a UE with good link budget could be scheduled 64QAM on, say, 80MHz. If we have >=400 MHz available BW, it would be beneficial to reduce the modulation order to 16QAM and then to QPSK and correspondingly keep increasing the BW allocation.  When at QPSK, the gNB can switch to DFT-S-OFDM to lower the PAPR, allowing the UE boosting power by ~3dB. 
The following factors would limit the extent of this BW expansion regime: 
a) Issues with channel estimation overhead

b) Losses with DFT-S-OFDM equalization in frequency selective channels
Observation 1:  It should be studied what the maximum useful BW of the DFT-S-OFDM waveform is for > 6GHz. 

3. Conclusion
In this contribution we used the following definition:  
· Type A UEs:
· UEs that operate in intraband contiguous CA mode 
· Type B UEs:
· UEs that operate in a wideband mode 
We made the following proposals and observation: 
Proposal 1:   Provide specification support for the following: 

· In the DL: 

· Support both the following:

· Multiple synchronization signals: Transmit initial acquisition signals (PSS/SSS/PBCH) on multiple subbands in a wideband CC 

· Single synchronization signal: Type A UEs transfer timing and frequency info from one CC to another CC (e.g. from PCell to SCell)
· In order to minimize overhead, support using the same reference signal, e.g. tracking RS, CSI-RS for both Type A and Type B UEs

· In order to enable MU-MIMO multiplexing of Type A and Type B UEs, define compatible DL DM-RS scrambling sequences

· In order to enable MU-MIMO multiplexing of Type A and Type B UEs, define compatible CSI subbands
· In order to enable efficient FDM-ing of Type A and Type B UEs, define compatible resource block groups for DL resource allocation

· In the UL
· In order to minimize overhead, support multiplexing SRS of Type A and Type B UEs

· In order to enable MU-MIMO multiplexing of Type A and Type B UEs, define compatible UL DM-RS scrambling sequences

· In order to enable efficient FDM-ing of Type A and Type B UEs, define compatible resource block groups for UL resource allocation
· Observation 1:  It should be studied what the maximum useful BW of the DFT-S-OFDM waveform is for > 6GHz. 
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