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1 Introduction

In this contribution, some consideration on how to proceed with the discussion about co-existence, UE RF, BS RF, testability and RRM/Demod perspective is provided. Note that there are two complemental contributions [1, 2] in RAN4#80.
2 Overview of the SI target
It is our understanding that the SI discussion contents and the outcome will be significantly affected by the other working group’s future decisions such as requirements associated with waveform. Thus, historically, not so much could be done by RAN4 from UMTS to LTE and from LTE to LTE-A in respective SIs since RAN4 had to wait for the other WG’s progress. 
As discussed in [1], in order to create specifications for NR, RAN4 needs to accomplish a significant amount of work at least from our view points. This does apply to NR WI as well as NR SI, we believe. In short, unlike the transitions from UMTS to LTE and from LTE to LTE-A, at this moment, even if RAN4 received RAN1 and RAN2 complete specifications for NR, we would not be able to enter upon a discussion of the specifications and their requirements before clarifying various things, such as how to handle mm wave and NR specific aspects such as beamforming and how to incorporate these into the specifications. Thus, the rough target we believe is that at least RAN4 needs to prepare for achieving a smooth transition to the WI phase when RAN4 finishes the SI. More specifically, RAN4 at least has to identify potential issues to be resolved and establish framework for the future specifications before discussing the requirements in WI.

With respect to the scope, for instance, the scope in terms of frequency is from 0 to 100 GHz. That does not mean we need to study the details across the 100 GHz with the same amount of work for each spectrum. In our view, it would be sufficient to check whether the framework to accommodate issues associated mostly with the mm wave discussed at around 30GHz ( some other frequencies) can be applied to up to 100GHz or not. Note that applicability of NR specifications to below 6 GHz will be also studied. The detailed requirements at around 100 GHz will be created when a new band(s) at around 100 GHz is proposed in the future.

In summary, we assume the following targets in SI phase.

· Conceptually, preparing for achieving a smooth transition to the WI phase by achieving the followings.

· Common to UE/BS RF, UE/[BS] RRM, UE/BS demod:

· Identify any potential issues and limitation due to mm wave realm in terms of RF/BB feasibility and testability including OTA based method

· Establish rough specification framework to accommodate the above such as mm wave related issues based on OTA test method.
· NR specific issues

· Establish the framework of specifications for beam forming and other NR specific features impacting on the existing requirements
· Co-existence

· Above 6GHz: Solve WP5D request

· Below 6GHz: Set up simulation assumptions for spectrum not being handled in RAN4 so far
2.1 Co-existence
2.1.1 Overview
The scope of the SI in terms of frequency is from 0 to 100 GHz as mentioned in section 2. In our understanding, according to the current status in RAN4, the study for co-existence would be roughly divided into four parts as illustrated in Figure 2.1.1-1.
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Figure 2.1.1-1: relation between frequency and co-existence

· 1: Below 6 GHz: 

· This area covers the existing spectrum and some potential new spectrum including around 4 GHz. In addition, there have been several requests to study for this frequency range so far.
· 2: Between 6 and 24.25 GHz

· One request in RAN4#78bis at around 8 GHz.

· 3: Between 24.25 and 86 GHz

· Study of the response to the WP5D request can cover this range although the request is not exactly all over the spectrum for this region.

· 4: Between 86 and 100 GHz

· No request so far to study this frequency region.

Below 6GHz

For the frequency range of “Below 6 GHz”, there have been several requests to study this range. From the original perspective of the “smooth transition from LTE to NR”, in any case, this range will be studied in the future since the availability of NR in the existence frequency region should be assessed in the end. The urgency of studying this range, however, may not be higher than that of WP5D. The reason is that most of the RF parameters in this frequency range of below 6 GHz are reusable by the past RAN4 co-existence study. In addition, at this moment, we do not have clear and stable RAN1 specifications for NR. Thus, we believe that it would be reasonable and rational to take a slow and steady way for this frequency range. One exception would be that there may have not been an agreement on common simulation parameters and scenario for co-existence for around 4 GHz in RAN4 so far. Thus, the simulation assumptions for this region can be discussed independently from RAN1 progress. Moreover, there would be completely NR specific simulation parameters such as beamforming. This can be discussed across this frequency range.
Between 6 and 24.25 GHz

Although there has been a request to study this range, considering the situation such as RAN4 workload, demand, time and resource limitation, unfortunately at this moment, we would leave this frequency range as it is. Note that this does not mean we will not have done anything in this frequency range at all at the end of the SI since most of the technical analysis in either of “below 6 GHz” and “Between 24.25 and 86 GHz” or a combination of them can be applied to this frequency range to some extent as well.

Between 24.25 and 86 GHz

This frequency range of “Between 24.25 and 86 GHz” has been studied to tackle the request by WP5D and the outcome would be applicable to the NR co-existence study at least as SI for eMBB. There are complementary contributions of [3 - 5] to elaborate this frequency range so that the details are skipped in this contribution. The difference in terms of SI between this frequency and the others would be the completion date. The study for this frequency range should be completed by the January 2017 NR AH at the latest based on the WP5D request.
Between 86 and 100 GHz

As is the case with “Between 6 and 24.25GHz”, the basic result of “Between 24.25 and 86GHz” could be applied to this range to some extent. Thus, at this moment, RAN4 should prioritize the study in 24.25-86GHz since without understanding of 24.25 - 86 GHz, it would be even challenging to understand the behavior of the higher frequency range.
In summary, our views are
· Observation 1: For 24.25 - 86 GHz, the co-existence study based on the request by WP5D shall be completed by January 2017 at the latest. 

· The detail work plan is provided in [3 - 5]

· Observation 2: For below 6 GHz, 

· Discussing simulation parameters and scenario for co-existence for around 3.8 - 4.99 GHz and NR specific parameters such as beamforming within 6 GHz would be tackled in SI phase.
· Observation 3: For 6 - 24.25 and 86 - 100 GHz, the details will be discussed when specific operating bands are proposed and approved as WI in the future if any. Some or most of the basic idea and principle obtained during the process of tackling WP5D request in the SI, however, would be applied to these frequency ranges.
2.1.2 For below 6 GHz
As discussed in subsection 2.1.1, it would be too soon to conduct simulation for this frequency range. Our view is summarized in Figure 2.1.2-1. Note that this does not count a LAA specific band. If that is counted, the threshold, region D is replaced with region E.

· A: NR specific requirements region below 3.8 GHz. 

· NR specific parameters needs to be discussed if RAN1 spec becomes stable and clear enough.
· B: NR specific requirements region between 3.8 and 4.99 GHz

· NR specific parameters needs to be discussed if RAN1 spec becomes stable and clear enough.
· C: Cc-existence parameters are captured in TR36.942.

· Can check whether the parameters are reusable or not.
· D: Need to check if common parameters are already captured in some TRs and whether they are reusable or not in NR co-existence.

· E: Needs to discuss co-existence simulation parameters since they have not been discussed.
· Note that we may be able to discuss if parameters used in LAA discussion are reusable or not.
In SI, it would be realistic to limit our work to establish simulation parameters and scenarios for any frequency range where RAN4 has not had common assumptions so far, which is 3.8 –4.99 GHz until RAN1 specifications become clear and stable. In short, it would be better to focus on region E.
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Figure 2.1.2-1: Relation between frequency and co-existence

· Observation 4: For co-existence study below 6 GHz, common simulation parameters and scenarios for co-existence in 3.8 – 4.99 GHz (Region E) should be tackled in SI phase. 

· Observation 5: For co-existence study below 6 GHz, NR specific parameters such as beamforming can be discussed across 6 GHz (Region A and B) in SI after RAN1 specification becomes clear and stable enough. Also, whether parameters discussed in co-existence discussion in Region C and D are reusable or not in NR co-existence should be checked.
2.2 RF and testability
2.2.1 Overview
In this sub-section, UE RF and BS RF, the relation between RF requirements and the testability are handled. However, the details on the relation between RF/RRM/Demod and testability are elaborated in a complementary contribution of [2]. In SI, it would be said that one fo the the main challenges in RF is how to handle RF characteristics in mm wave. Note that the introduction of OTA based requirements will impact on RRM and demodulation specifications due to the lack of antenna connector. From the RF perspective, UE and BS may have similar issues when the requirements in mm wave are considered. We, however, believe that there are some differences between UE and BS since UE has more constraints in terms of real UE design including costs and size. In addition, as a system, what they are requested is different. Moreover, from UEs perspective, to establish OTA based requirements would be the 1st time except for TRP/TRS and MIMO OTA discussion. On the other hand, BS may be able to refer to some of the outcome of the eAAS discussion. Thus, from a meeting management point of view, the handling of BS discussion needs to be revisited here to make the meeting more efficient.

2.2.2 UE RF
As mentioned in sub-section 2.2.1, a general discussion on UE RF in terms of specification point of view is already covered in [2]. Thus, in this sub-section, we share the status of UE RF discussion in RAN4 except for testability related issues and what we would like to encourage people involved in this discussion to do in the future meetings.

Below 6GHz

As discussed in sub-section 2.1.2, the similar concept would be applicable to UE RF as well. This does not mean that there is nothing we need to discuss on frequency below 6 GHz. As mentioned earlier, according to RAN1 specifications such as waveform, they would impact on UE RF requirements as well as RF devices including components feasibilities. For instance, if the transmission bandwidth becomes wider and the guard band becomes narrower, filters may have to be designed by paying more careful attention to the characteristics at the edges of the passband. We, however, understand that it would be more efficient to commence this discussion after RAN1 specifications become stable since in any case, the situation will not change drastically compared to mm wave world specifications and the framework of the existing requirements would be almost reused

· Observation 6: The detailed study for UE RF below 6 GHz should be conducted after RAN1 specifications become stable. 

Above 6GHz

There have been some contributions on UE RF for the last two meetings. Some of them provided fundamental RF analysis applicable and common to UE/BS RF. The others directly touched how the OTA based specification should be. There has been, however, almost no consensus on the UE RF discussion. The reason we speculate is that it would be quite challenging to decide something without the whole picture. In this sense, there was a paper to propose that RAN4 should assume multi-transceiver architecture for NR SI at millimeter wave in [6R4-162663] although it was not approved. We believe that this proposal would be quite valid since when RAN4 discussed LTE-A, several UE architectures were captured in the TR, although this does not mean UE vendors shall follow one of the designs. With these architectures, RAN4 was able to discuss trade-offs and some limitation due to architectures and specifications were established for them in a way not to prevent any use of them as much as possible. Note that there may be some exceptions since we also need to consider system performance so that any architecture which will significantly degrade systems performance may not be allowed. 
· Obsevation7: Companies are encouraged to provide assumed UE architectures in RAN4#80bis at the latest. 

With these architectures, we believe that people involved in the discussion can have more concrete discussion based on more visualized architectures. For instance, according to the number of antenna array elements, the UE behaviors and characteristics including required specifications for components may become different. More concretely, if the number of the elements becomes large, each element may not have PAs with large gain. On the other hand, if multi beams are assumed, UEs may have to maintain each of the PAs with large gain. In short, we can discuss the required behavior and characteristics for each component by assuming the concrete UE architectures and by changing the assumption of some essential features such as the number of antenna array elements. With a common understanding to some extent, RAN4 may enter into more concrete discussion on the requirements and the framework for the specifications in more efficient way.

· Observation 8: UE behaviors and characteristics including their components and trade-offs should be assessed by changing some important parameters such as the number of antenna array elements.

Finally, as now we are in SI phase, any contributions are welcome in principle. It would be, however, great if companies could provide contributions by following Proposals 4 and 5 in addition to the proposals in [2].
2.3 BS RF
In principle, the basic idea for BS RF is the same as that for UE RF. The significant difference between UE RF and BS RF in terms of meeting management would be that there is an eAAS WI for BS side. It seems that some topics in both NR and eAAS are overlapped each other. Thus, it may be more efficient to enable coordinated work between NR BS RF and eAAS. In our understanding, the objective of the eAAS is to replace the existing BS RF requirements by OTA method. Thus, in principle the discussion is frequency agnostic and the scope of the features does not include any NR specific requirements or spectrum not captured in the current specifications such as TS36.104 and TS36.141. The difference of the scope is captured in Figure 2.3-1.
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Figure 2.3-1: Relation of scope between NR and eAAS

In the above Figure 2.3-1, each area has the following status.

· A: NR specific requirements region below [6] GHz 

· B: NR specific requirements region above [6] GHz 

· C: Overlapped region between NR and eAAS. In other words, this region can be covered by eAAS.
· D: Maybe overlapped region between NR and eAAS
For region A, as discussed in UE RF section, the discussion on this region can be handled after RAN1 specifications become stable and clear. For region B, this region is quite new in terms of RAN1 specifications and RF feasibility. Thus, this should be discussed in NR SI. For region C, this region would be able to be covered by eAAS specifications. Lastly for region D, this region may be able to be covered by eAAS as well. We, however, believe that it would be safer to pay careful attention to this region since we may face new issues related with mm wave, which may not be able to be covered by eAAS SI specification. This is because even though eAAS WI scope is band agnostic, the original target frequency has not assumed mm wave. Note that there is a risk involved in proceeding in such a way since NR SI may miss something important if NR SI completely relies on eAAS since NR SI needs to tackle mm wave and NR specific requirements. Thus, NR SI should carefully discuss at least if the agreements in eAAS WI can be applied to NR or not and if there are any new aspects specific to NR or not. From the above observations, we propose the following on handling eAAS and NR discussion.
· Observation 9: It would be beneficial to discuss whether the following procedure is taken or not and some other options if any.
· In principle, replacement of OTA based requirements for NR is discussed in eAAS WI.

· NR specific requirements can be identified and discussed in NR SI.

· For instance, the frame of the specification may be the same but the requirements will be different from those below 6 GHz and above 6 GHz such as SEM.

· Whether the agreement in eAAS can be introduced or not will be checked in NR SI and formal approval is required in NR session.
2.4 RRM/Demod
A way to proceed with RRM/Demod discussion with testability would be handled in a similar way to that of RF as summarized in [2]. Specifically RRM, however, may have to tackle new framework as specification due to the consideration of OTA based method and beamforming behaviors (may include usage of UL signal). In addition, the available width of spectrum in mm wave for measurement is completely different from the existing operating bands below 6 GHz. Moreover, scenarios such as eMBB, mMTC and URLLC and SA or NSA may require different specifications. We understand that RAN4 needs to wait for RAN1/2 discussion progress to discuss the details about the above. We, however, believe that it would be still desirable to have discussion with certain assumptions: If one UE can use at least X MHz for measurement in a channel bandwidth, what the X should be? How the RRM specification for beamforming should be established? etc.

In summary, we would like to proceed with the RRM (Demod) discussion in a following way on top of [2].

· Observation 10: RRM/Demod discussion procedure on top of [2]

· Identify essentials impacting on RRM(Demod) requirements

· Categorize the identified issues RAN4 needs to investigate in the future meetings.

· Provide more analysis and options for solutions for the identified issues.

For instance, provided that beamforming is one of the essentials, RAN4 can firstly investigate how this new feature will be incorporated into the existing requirements individually. Moreover, completely new concept like usage of UL signal for RRM can be discussed. Finally, RAN4 can discuss possible options for solutions and pros/cons for each of them.
3 Conclusion

In this contribution, we have discussed how to proceed with the NR SI in the future meetings from various angles. As a result, we have shared possible target in SI and obtained the following 10 observations. Finally, we propose to discuss these observations during RAN4#80 and generate WF(s) on how to move on for respective issues observed in this contribution.

· Proposal: Discuss and generate WF(s) on how to move on for respective issues observed in this contribution. Note that including issues identified in other contributions should also be tackled.

· Observation 1: For 24.25 - 86 GHz, the co-existence study based on the request by WP5D shall be completed by January 2017 at the latest. 

· The detail work plan is provided in [3 - 5]

· Observation 2: For below 6 GHz, 

· Discussing simulation parameters and scenario for co-existence for around 3.8 - 4.99 GHz and NR specific parameters such as beamforming within 6 GHz would be tackled in SI phase.
· Observation 3: For 6 - 24.25 and 86 - 100 GHz, the details will be discussed when specific operating bands are proposed and approved as WI in the future if any. Some or most of the basic idea and principle obtained during the process of tackling WP5D request in the SI, however, would be applied to these frequency ranges.
· Observation 4: For co-existence study below 6 GHz, common simulation parameters and scenarios for co-existence in 3.8 – 4.99 GHz (Region E in Figure 2.1.2-1 ) should be tackled in SI phase. 

· Observation 5: For co-existence study below 6 GHz, NR specific parameters such as beamforming can be discussed across 6 GHz (Region A and B in Figure 2.1.2-1) in SI after RAN1 specification becomes clear and stable enough. Also, whether parameters discussed in co-existence discussion in Region C and D are reusable or not in NR co-existence should be checked.
· Observation 6: The detailed study for UE RF below 6 GHz should be conducted after RAN1 specifications become stable. 

· Obsevation7: Companies are encouraged to provide assumed UE architectures in RAN4#80bis at the latest. 

· Observation 8: UE behaviors and characteristics including their components and trade-offs should be assessed by changing some important parameters such as the number of antenna array elements.
· Observation 9: It would be beneficial to discuss whether the following procedure is taken or not and some other options if any.

· In principle, replacement of OTA based requirements for NR is discussed in eAAS WI.

· NR specific requirements can be identified and discussed in NR SI.

· For instance, the frame of the specification may be the same but the requirements will be different from those below 6 GHz and above 6 GHz such as SEM.

· Whether the agreement in eAAS can be introduced or not will be checked in NR SI and formal approval is required in NR session.

· Observation 10: RRM/Demod discussion procedure on top of [2]

· Identify essentials impacting on RRM(Demod) requirements

· Categorize the identified issues RAN4 needs to investigate in the future meetings.

· Provide more analysis and options for solutions for the identified issues.
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