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1. Introduction
At RAN1 #87, the following was agreed [1]

· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers

· RAN1 will try to decide the exact number in this week

· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers
Two main directions have been discussed for supporting 1 GHz operation [2]: 
1.   CA-based

2.   Wideband CC based

Both approached have benefits, and we note that whichever approach is adopted, almost the same functionality can be realized as if the other approach were adopted after some modifications.  
We also note that the CC definition in NR will likely have some different attributes compared to LTE, which in turn has impact on the meaning of the options considered for 1 GHz operation. 
In this contribution, we discuss our views on this topic.  
2. Discussion
 General discussion and definitions 
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

It is our view that depending on the maximum BW chosen for NR, some of the above attributes should be modified. 
In the further discussion, we will use the following definitions: 

· “Device RF BW”, which is the BW over which a device can transmit/receive a continuous waveform with phase and amplitude continuity

· “Device Aggregated RF BW”, which is the BW over which a device can transmit/receive signals not necessarily with phase and amplitude continuity

· “RF Channel BW”, which is the BW over which waveforms are defined
· Note that the RF channel BW of a CC may be greater than the implemented Device RF BW of the devices receiving its signal but in general it should not be greater than the implemented Device RF BW of the devices transmitting the signal
· “RF Aggregated Channel BW”, which is the aggregated BW with CA
· “CB BW”, which is the BW over which a given Code Block (CB) is mapped

· “TB BW”, which is the BW over which a given Transport Block (TB) is mapped

· Note that the TB BW could be larger than either the CB BW or the RF Channel BW 
 Maximum Transport Block BW and Code Block BW 

First, we make the following observation

Observation 1:  In the future, NR is likely to operate on at least 1.6 – 2 GHz aggregated BW, therefore the NR design should be scalable beyond 1 GHz.
In general, we believe there is benefit in simplifying the CA operation, in particular simplifying the UE MAC by limiting the number of HARQ instances the UE has to process.  The best way to achieve this is to select a large maximum TB BW.  

One of the main benefits of a large TB BW is that it allows limiting the required number of simultaneous control decodes. On the other hand, a drawback of a large TB BW is that it likely requires defining subband based modulation order and subband based Rank in the grant for one TB.  If we allowed the choice of either large or small maximum TB BW when operating large aggregated BW, we would be unifying the disadvantages of both approaches.  Therefore we propose the following: 

Proposal 1:   RAN1 should define either one of the following but exclude allowing both
a)   Large maximum TB BW together with small number of maximum simultaneous TBs the UE is required to process (preferred)

b)   Small maximum TB BW together with larger number of maximum simultaneous TBs the UE is required to process (not preferred)
In more concrete terms, we make the following proposal

Proposal 2:   NR should limit the total number of simultaneous TBs to no more than 8, even in future > 1 GHz aggregated BW cases, and the maximum TB BW should be selected at least 400 MHz, at least for > 6GHz.
As mentioned, we see it beneficial to allow a large maximum TB BW but this does not mean that we see beneficial for the maximum CB BW to be similarly large.  The TB processing is mostly done in software, therefore it can be scaled up while the CB processing is in HW.  A very large maximum CB BW would have negative impact on HW complexity and pipelining capability.  Therefore we make the following proposals: 

Proposal 3:   NR should define a maximum CB BW to be the lesser of the Device RF BW and an appropriately chosen maximum (e.g. 100 MHz).
Proposal 4:   In order to make HW implementation more efficient, NR should define “CB subbands” either by configuration or by specification, and each CB is confined within one CB subband.
 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 > 6GHz, 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 800MHz 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 2:  It should be studied what the maximum useful BW of the DFT-S-OFDM waveform is for > 6GHz. 

 Device RF BW and RF Channel BW
It has been agreed that a given device can operate on a 1st RF BW and a 2nd RF BW, therefore, unlike in LTE, the signals necessary for the operation of a given NR device will not be spread over the whole RF channel BW. 
It has been also discussed that if a large maximum RF channel BW is chosen for NR, then both of the following will be supported

1) A UE with smaller Device RF BW can operate in a subset of a larger RF channel BW
2) A UE with smaller Device RF BW can have an aggregated Device RF BW, which in combination covers a larger RF channel BW

In the case of 1) above, the gNB will obviously need to know the Device RF BW for both the DL and UL.  

In the case of 2), the DL and UL can be discussed separately: 

· In the DL: 

· It is unclear if the gNB needs to know the Device RF BW boundaries.  This would require further consideration.  As long as the only impact is Rx phase/amplitude discontinuity at Device RF BW boundaries, the gNB may not need to know.  On the other hand, if CC activation/deactivation is supported in each Device RF BW, the gNB would obviously need to know. 
· In the UL: 

· The gNB needs to know the Device RF BW boundaries in order to confine channel estimation averaging not to cross the boundaries
· The gNB needs to know the Device RF BW boundaries in order to know the DFT-S-OFDM cluster boundaries
In addition to the above, we should consider the practically available spectrum allocation when defining the maximum RF Channel BW.  With this latter consideration, we make the following proposal:   
Proposal 5:  For below 6 GHz, the maximum RF Channel BW should be defined as 100 MHz.
For above 6 GHz, we make the following proposals: 

Proposal 6:  For above 6 GHz, the maximum RF Channel BW should be defined as at least 100 MHz. 

Proposal 7:  Larger than 100 MHz RF Channel BW should be only defined if Device RF BW of 100 MHz will be fully supported in RF Channel BW larger than 100 MHz. Device RF BW of 100 MHz must be a valid UE implementation in any NR deployment. 
Proposal 8:  If larger than 100 MHz RF Channel BW is defined for above 6 GHz, consider whether it should be limited to above a certain nominal subcarrier spacing.  

3. Conclusion
In this contribution we used the following definitions:  
·  “Device RF BW”, which is the BW over which a device can transmit/receive a continuous waveform with phase and amplitude continuity

· “Device Aggregated RF BW”, which is the BW over which a device can transmit/receive signals not necessarily with phase and amplitude continuity 

· “RF Channel BW”, which is the BW over which waveforms are defined
·  “RF Aggregated Channel BW”, which is the aggregated BW with CA
· “CB BW”, which is the BW over which a given Code Block (CB) is mapped

· “TB BW”, which is the BW over which a given Transport Block (TB) is mapped

· Note that the TB BW could be larger than either the CB BW or the RF Channel BW 
We made the following observation and proposals: 
Observation 1:  In the future, NR is likely to operate on at least 1.6 – 2 GHz aggregated BW, therefore the NR design should be scalable beyond 1 GHz. 

Proposal 1:   RAN1 should define either one of the following but exclude allowing both
a)   Large maximum TB BW together with small number of maximum simultaneous TBs the UE is required to process (preferred)

b)   Small maximum TB BW together with larger number of maximum simultaneous TBs the UE is required to process (not preferred)
Proposal 2:   NR should limit the total number of simultaneous TBs to no more than 8, even in future > 1 GHz aggregated BW cases, and the maximum TB BW should be selected at least 400 MHz, at least for > 6GHz.
Proposal 3:   NR should define a maximum CB BW to be the lesser of the Device RF BW and an appropriately chosen maximum (e.g. 100 MHz).
Proposal 4:   In order to make HW implementation more efficient, NR should define “CB subbands” either by configuration or by specification, and each CB is confined within one CB subband.
Observation 2:  It should be studied what the maximum useful BW of the DFT-S-OFDM waveform is for > 6GHz. 

Proposal 5:  For below 6 GHz, the maximum RF Channel BW should be defined as 100 MHz.
Proposal 6:  For above 6 GHz, the maximum RF Channel BW should be defined as at least 100 MHz. 

Proposal 7:  Larger than 100 MHz RF Channel BW should be only defined if Device RF BW of 100 MHz will be fully supported in RF Channel BW larger than 100 MHz. Device RF BW of 100 MHz must be a valid UE implementation in any NR deployment. 

Proposal 8:  If larger than 100 MHz RF Channel BW is defined for above 6 GHz, consider whether it should be limited to above a certain nominal subcarrier spacing.  
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