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1. Introduction

RAN4#82 approved the way forward of [1] and relevant LS of [2] where guidelines for NR frequencies and LTE-NR band combinations are summarized. In the way forward, the following general guideline is provided.

------------------------------------------- Slide 2 of the Way forward of [1] ---------------------------------------------

· How to propose NR spectrum in Rel-15 timeline
· NR bands/LTE-NR band combinations related to NR are handled in a Rel-15 NR WI
· NR bands/LTE-NR band combinations to be handled in the Rel-15 NR WI can be added at every RAN plenary
· In order to update the Rel-15 NR WID, the new NR bands/LTE-NR band combinations need to be proposed/approved in RAN4 in advance with at least 4 supporting companies. 
· E.g. NR bands/LTE-NR band combinations to be proposed in June 2017 RAN-Plenary need to be proposed/approved by 2017 May RAN4.
· Rel-15 NR WID will be updated at every RAN plenary according to the new NR bands/LTE-NR band combinations which RAN4 approved.
· NR Bands/LTE-NR band combinations which will not be completed before the end of Release 15 will be transferred into an equivalent Rel-16 NR WI, and added to the specifications as soon as they are completed.
· Release independence
· Release independent manner which is used in LTE is applied to NR bands/LTE-NR band combinations.
Note that in this WF, following terminologies apply:

NR band: Operating band to be specified for NR operation in NR WI. 

LTE-NR band combination: Combination of LTE band(s) and NR band(s) for dual connectivity operation for Non-stand-alone operation.

-----------------------------------------------------------------------------------------------------------------------------------
As the result, even at the beginning of the NR WI, there are 14 new frequency ranges/bands and 53 LTE-NR band combinations (In total, 67!). In addition, specifically the number of LTE-NR band combinations may even continuously increase during the WI since the recommendation allows new bands/band combination proposals at every RAN meeting. Accordingly, the workload in RAN4 will become significantly high in the end. Hence it might be said that there may a risk that the completion of each of the bands and band combinations may be delayed due to this expected high workload. We, however, believe we can definitely make it by aiming to avoid ruinous competition among companies proposing each band/band combination and go along with efforts of addressing this challenges which RAN4 is facing. The point that we aim to resolve here is avoiding generating a peak workload in certain meetings and average RAN4 workload across the meetings. In this contribution, we propose work plan on how to average RAN4 workload across the meetings and make the proposed bands and band combinations completed as much as possible in Rel-15.
2. What is RAN4 workload?
In our understanding, there are two aspects for RAN4 workload. One is that the total amount of work RAN4 needs to address. The other is that people in RAN4 need to address multiple topics and hence there are less opportunities to have offline discussions and prepare for documents with higher quality. Thus, we RAN4 shall create circumstances for the people in RAN4 to focus on NR topics as much as possible by making clear the target of each of the meetings and accordingly reducing the number of contributions not necessary at certain periods. As a rapporteur of the NR WI, we NTT DOCOMO believes that it is helpful for RAN to provide RAN4 the guidance to make people involved in this NR WI aware the situation of RAN4 and make RAN4 people focus on certain urgent and important topics at least within NR WI.
3. Overview on proposed frequency ranges
The below Table 3-1 is excerpted from the way forward of [1]. 

Table 3-1: Proposed frequency ranges in [1]
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DOCOMO, KDDI, SBM, CMCC, China Unicom, China Telecom, KT, SK Telecom, LG Uplus,

bl Etisalat, Orange, Telecom ltalia, British Telecom, Deutsche Telekom

4.4-4.99 GHz DOCOMO, KDDI, SBM, CMCC, China Unicom, China Telecom,

DOCOMO, KDDI, SBM, CMCC, KT, SK Telecom, LG Uplus, Etisalat, Orange, Verizon, T-

ZAERID i mobile, Telecom lItalia, British Telecom, Deutsche Telekom

31.8-33.4GHz Orange, Telecom ltalia, British Telecom
37-40 GHz AT&T, Verizon, T-mobile
1.427-1.518G Etisalat

1710-1785MHz/1805-1880MHz (Band 3) CMCC, China Telecom
2500-2570MHz/2620-2690MHz (Band 7) CHTTL, British Telecom

880-915MHz/925-960MHz (Band 8) cMcc
832-862MHz/791-821MHz (Band 20) Orange
703-748MHz/758-803MHz (Band 28) Orange
2496-2690MHz (Band 41) Sprint, China Telecom, C-Spire, China Unicom

1710-1780MHz/2110-2200MHz (band 66) T-mobile
1920-1980MHz/2110-2170MHz (Band 1) China Unicom, China Telecom




From RAN4 perspective, the proposed frequency ranges are categorized into three parts as illustrated in Figure 3-2 where the following categories are shown.
1. Completely new frequency ranges where no corresponding LTE bands

1-1: below 6GHz

1-2: above 24GHz

2. Existing frequency ranges below 6GHz: There are corresponding LTE bands
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Note 1: The LTE WI is on-going and be completed at June 2017.
Note 2: OTA based specifications are not precluded.
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Table 3-2: categorization for the proposed frequency ranges in [1]

In general, avoiding facing unnecessary high peak workload during the WI means in short, averaging the amount of workload specific to each of the above frequency ranges as much as possible. Note that as mentioned later in this paper, each of them can have different suitable work plan due to their frequency range, duplex mode, and whether they have corresponding LTE bands or not. Therefore, some may not have so much to do in the beginning of the NR WI until RAN1 specifications and discussion common to NR such as maximum channel bandwidth, flexible channel bandwidth, transmission bandwidth configuration adaptation and spectrum utilization in RAN4 become stable. On the other hand, others must do a lot from the beginning. Hence, if the progress of the latter one was NOT sufficient in the beginning of the NR WI, that remaining work of them would come together as a package in the later stages. In this case, the RAN4 workload in the last stage of the WI becomes significantly high so that we RAN4 should avoid this situation.
In order to address the different suitable work plan, it would be useful to roughly divide the related work into common work to all the frequency ranges and work specific to frequency ranges. Note that discussion will come at later stage of the WI and continue until the last moment of the WI is the band specific requirement discussion. Thus, we have to make a plan backward from the completion of the band specific requirements.

4. NR bands work plan 
In this section, we focus on how to make progress for band specific requirement work. In order to complete the work for each of the NR bands, RAN4 needs to identify what the preconditions to proceed with the band specific requirement discussion are. 
In our understanding, operating band specific UE RF requirements are not so much many. Note that blocking requirement themselves are operating band specific, the values of the requirements, however, are most likely to be common across the bands since the requirements are defined based on the band edges considering filter frequency response, although there are some exceptions such as Band 42 due to the typically feasible filter technology. 
For transmission side:
One of the most fundamental one specific to each of the NR bands would be A-MPR if any and this discussion on A-MPR would come at later stage of the WI and continue until the end of the WI. The reason is that in principle, to derive A-MPR, MPR and clear protection requirements are needed if we follow the conventional way of LTE.
· Observation 1: A-MPR evaluation will come at the last stage of the WI and is band specific. 

· To derive A-MPR, at least the followings are necessary

· MPR
· Additional spurious emission requirements and additional spectrum emission mask 
Then, to derive MPR, at least the following topic discussions should be settled down to have MPR evaluation assumptions.
· Observation 2: To derive MPR, at least the following aspects should be settled down in advance.
· Channel bandwidths: 
· Max channel bandwidth and the below flexible channel bandwidth needs to be settled down

· Flexible channel bandwidth: Scalability of MPR requirements needs to be clarified.  
· Transmission bandwidth configuration adaptation: 
· MPR value depends on  LO position and RF bandwidth

· Tx impairments: IQ imbalance etc: This does impact on the outcome of MPR values
· Not  band specific but rather frequency specific

· Co-existence simulation if necessary to derive ACLR: 

· Not band specific but rather frequency depending 
· Boundary between general spurious and SEM for more than 20 MHz channel bandwidth including flexible aspect
· Spectrum utilization for at least single numerology
· Some RAN1 specifications such as available modulation order
For reception side:
It would be the REFSNES, which is the most fundamental band specific requirement for Rx. In order to derive REFSENS, there are some difference in terms of procedure between TDD and FDD. The common thing between TDD and FDD is to identify the NF, required SNR and some RAN1 related parameters. For TDD, once SNR for NR and some other RAN1 related parameters are obtained, the difference of REFSENS between TDD bands is just equivalent to that of the NF. For FDD, however, it still requires more analysis of the impact of its Tx on its own Rx noise floor. Hence currently LTE FDD band REFSENS is defined as a set of REFSENS and its uplink configuration. For instance, REFSNES of channel bandwidth of 20 MHz for LTE Band 3 is guaranteed under the condition that the uplink configuration is up to 50 RBs. For LTE, when it comes to defining REFSENS with uplink configuration, A-MPR is not considered since A-MPR is applicable only when UE receives the corresponding Network Signalling (NS). MPR, however, is considered. Thus, even for Rx discussion, MPR is one of the fundamental requirements.  
From the above observations, it can be seen that most of the aspects RAN4 needs to address in the initial stage of the NR WI is that band agnostic topics such as MPR, although some of them are affected by its frequency ranges to some extent. Thus, it is essential for RAN4 to focus on band agnostic topics in the early stage of the work item.
In the following, we share brief observations on related work for each category.

Observation for completely new frequency ranges including both below 6GHz and 24GHz
For this frequency ranges including below 6 and above 24 GHz, discussion must start with its band definition. It is an urgent and important to make progress of the band definition since without the specific operating band definition such as frequency range, it would not be possible to discuss some fundamental RF characteristics such as Noise Figure(NF)  with corresponding RF component data. For this reason, we believe that analysis on the band definition should be settled down in the early stage of the WI. 
Observation for completely new frequency ranges, especially below 6GHz

Total amount of work for this frequency range below 6GHz is less than that for new frequency range above 24GHz since this frequency range may not have to consider OTA based requirements and can refer to the existing specification document structure. Hence as mentioned already, it is better to focus on how to define bands with specific frequency ranges if divided and some side conditions such as regulatory requirements e.g. additional spurious emission requirements and some basic RF component characteristics e.g. filters.
Observation for completely new frequency ranges, especially above 24GHz

For this frequency ranges, band specific discussion on each of the frequency ranges as well as OTA based specification structure should be developed from the beginning. Moreover, 3GPP has not experienced generating the requirements for mm Wave based on its RF characteristics considering OTA so far. Hence, time for this discussion should be sufficiently provided.
Observation for existing frequency ranges below 6GHz

For this frequency ranges, there will be almost nothing to do something band specific in the initial stage of the WI since they have corresponding LTE requirements and most of the them can be referred to once RAN1 specification becomes stable. Specification work for this frequency ranges, however, may take time at the latter stage of the WI since there will be a lot of A-MPR evaluation work and REFSNS for uplink configuration evaluation, although it depends on bands. Hence making progress of the specification work for this frequency range is equivalent to making progress of the work for common to all the frequency ranges such as channel bandwidth, flexible bandwidth etc. as well as work for the other frequency ranges as much as possible to reduce the peak workload including all the frequency ranges at the last stage of the WI.
5. NR band combination work plan 
According to the scope of the latest WID for NR, at least the followings are within the scope.

· LTE-NR band combination: Combination of LTE band(s) and NR band(s) for dual connectivity operation for Non-stand-alone operation.

· NR-NR carrier aggregation within NR bands

Note that at the timing of writing, there are no proposals for NR-NR carrier aggregation within NR bands so that we do not touch them in this contribution.  

In [1], already 54 band combinations were proposed. They can be further divided into two groups.

1. LTE-NR band combination whose NR bands have corresponding LTE bands

2. LTE-NR band combination whose NR bands do NOT have corresponding LTE bands.

One of the fundamental requirements specific to band combination would be delta TIB, delta RIB and MSD requirements. In the following, we briefly summarize the amount of work for these requirements for each group. 
LTE-NR band combination whose NR bands have corresponding LTE bands 

For this band combination, most of the evaluation assumptions for delta TIB, RIB, MSD for LTE 2UL CA/DC can be reused such as filter isolation, PCB isolation etc. Specifically, delta TIB and RIB would be more likely to be reused. Deriving MSD, however, still needs further study on exact transmission requirements for NR band itself and REFSENS for belonging NR band(s) if there are MSD issues. Hence, to make progress of this band combination group work is accelerating the work for NR bands themselves. Thus, there are less things to do for this group in the initial stage of the WI.
LTE-NR band combination whose NR bands do NOT have corresponding LTE bands 

The band combination belonging to this group can be further divided into two groups.

· One is band combination whose NR bands are below 6GHz.

· The other is band combination whose NR bands are above 24GHz.

For the former combination, once band definitions are clarified, delta TIB, RIB and isolation between LTE and NR bands can be investigated as we have conducted for LTE 2UL CA/DC. For the latter combination, there was a study on whether MSD issues occur or not since the frequency distance between bands below 6GHz and bands above 24GHz is significantly large. Unfortunately, although we almost have done the analysis based on currently available data and no issues can be seen with them, still RAN4 decided that there are some aspects due to mm Wave that we need further investigate. This analysis will continue based on not band specific but rather frequency specific, that is study on isolation between sub 6GHz band(s) and mm Wave band(s).
In summary, LTE-NR band combination whose NR bands have corresponding LTE bands is more advanced than LTE-NR band combination whose NR bands do NOT have corresponding LTE bands in terms of specification work progress. In addition, the former combination would not have so much to do until NR bands specification becomes clearer. Hence, in the beginning of the WI, we should focus on the followings until the NR band requirements specifically for MPR and REFSNES becomes clearer.
· Focus on study of isolation for LTE-NR band combination whose NR bands do NOT have corresponding LTE bands

6. Conclusion

In this contribution, we provide our views on how to address coming tremendous UE RF workload for NR bands and LTE-NR band combinations. The point to make the proposed frequency ranges/band combinations completed is when we can touch band specific requirements and how to create the situation for RAN4 people to focus on addressing them in the last stages. 
It was observed that there are some difference of things to be addressed for each of the proposed frequency ranges. 
This is related with also if the bands have corresponding LTE bands or not. Some frequency ranges would not have so much to do in the initial phase of the WI while the others would have a lot. The former, however, may require more work in the last stage of the WI. For instance, some FDD bands with corresponding LTE bands would need uplink configuration for REFSENS.  In order to evaluate REFSENS and A-MPR, MPR requirements are needed in advance. It should be noted that MPR is in principle common to all frequency ranges in LTE although there would be some difference for NR due to its even wider frequency ranges. That means without addressing MPR, none of the bands cannot be finalized. 
On the other hand, there are bands and band combinations having a lot of issues to be addressed from the beginning such as completely new frequency ranges for both below 6GHz and above 24GHz. It is easily expected that the delay of progress for these bands and/or band combinations will affect the progress of the rest of bands not having so much work in the initial phase but have much in the end. Note that if the delayed bands and band combinations are popular enough, then, many contributions are coming together at the last stage of the WI. To avoid facing such a high peak workload, RAN4 should average their workload across the meetings as much as possible. Hence we believe that RAN4 should focus on the work common across NR bands and/or band combinations impacting on band specific requirement discussion as well as work for frequency ranges/band combinations which are completely new and having a lot of work to leave room for RAN4 to address tremendous band specific works for all the frequency ranges in the later stage. With this in mind, we propose the followings. 

Proposal: Until the end of the June NR AH in 2017, RAN4 should focus on the followings to progress all the bands, band combinations and frequency range specific requirements.
Note that the premise of this work plan is based on RAN4 to have additional NR AH in June, September and November in 2017 as proposed in our companion paper of [3].

· For common to all the frequency ranges (Note: there are some frequency dependent aspect)
· Channel bandwidth including sub-carrier spacing, phase noise, FFT size discussion.
· Spectrum utilization

· Flexible channel bandwidth

· Transmission bandwidth configuration adaptation

· Co-existence study if any to determine NR ACLR for UTRA/E-UTRA/NR.
· For above 24GHz, co-existence simulation may not be needed.

· RF impairments such as IQ imbalance

· Delta FOOB region between general spurious and SEM
· MPR
· For new frequency ranges with corresponding LTE bands

· Clarification of some band specific basic conditions

· Power class: This does affect co-existence simulation assumptions for ACLR and MPR evaluation

· Additional spurious emission requirements and additional spectrum emission mask
· For new frequency ranges without corresponding LTE bands
· Band definition for new frequency ranges
· Power class: This does affect co-existence simulation assumptions for ACLR and MPR evaluation

· Additional spurious emission requirements and additional spectrum emission mask
· NF discussion and blocking requirements for new frequency ranges

· OTA based specification only for frequency ranges above 24GHz, although having OTA below 6GHz is not precluded.

· For LTE-NR band combinations whose NR band(s) does not have corresponding LTE bands
· Delta TIB/RIB and isolation between LTE-NR band combination
More specific work plan for band and band combination specific requirements are illustrated in Figure 6-1.
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Figure 6-1: Work plan for band/band combination and frequency range specific work
Note that at least following band/band combination agnostic topics should be addressed as well from the beginning of the WI. It should be noted that there may be not band/band combination agnostic but rather frequency range specific requirements.
· Notation for NR operating bands and LTE-NR band combinations

· Channel arrangement including channel spacing, channel raster etc.
· Power sharing between LTE-NR combination  
· ON/OFF time budget for TDD

· If any
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