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1
Introduction
At the last RAN3 meeting a discussion on migration paths to introduce the New RAN was carried out. This discussion led to agreements to capture migration paths options in TR38.801. 
The topic of migration is central to take a decision on which architecture scenarios 3GPP should focus on. In fact, given the need to accelerate standardisation of 5G systems within Release 15 and given the several architecture/connectivity options that might be possible, it would be beneficial to define what scenarios seem to be crucial to support the migration paths so far favoured by operators.

This paper presents views on which scenarios RAN3 should focus on to facilitate required migration paths.
2
Discussion

In telecommunication systems the process of migration from one generation network to another is connected with the desire from operators to bring in a new system while providing continuity to the services and users served by the old system.

When choosing a migration strategy, a number of factors should be considered. Some of them are listed below.
Smooth migration: 
It is usually optimal to choose a migration strategy that progresses in a smooth and stepped way. This is because such smooth transition allows the population of served UEs to be gradually renewed to support the new introduced system. Smooth steps allow to ramp down resources allocated to the old system while legacy UEs diminish, and ramp up resources on the new system while the population of new UEs increases. This ensures minimal churn of customers and retention of profit from both new and legacy services.  
In light of this it seems plausible to state that a migration consisting of a disruptive step, e.g. sole introduction of a new system to replace the old, is not an optimal migration as it does not provide continuity for legacy UEs and services.
Coverage:

Of paramount importance is to maintain an overall coverage (new + old system) that is at least as good as with the legacy system. In the case of LTE and NR the bands allocated to LTE spectrum are amongst those with highest penetration. While it is possible to use dense NR deployments at higher frequencies to provide coverage it seems plausible to assume that, at least in a first phase of 5G deployments, coverage will be provided by the existing LTE layer.

Frequency refarming:

Frequency refarming from old technologies to new ones is certainly a common practice. However, transitions from 2G to 3G and from 3G to LTE have proven that refarming is a rather slow process that depends on factors such as how fast the UE population migrates from legacy to new devices, regulators requirements, need to support legacy services. It is therefore likely that, at least during a first phase of 5G deployments, refarming of LTE spectrum for NR use will not be an option.
Increasing need for capacity:

Increasing traffic demand due to new applications and higher number of users poses higher requirements on capacity. A system that needs to respond to such demand requires new sites, use of new frequency bands, more efficient radio transmission mechanisms. A densified deployment of NR gNBs in areas where such increase of capacity peaks may result beneficial, both in tight interworking with LTE or in standalone

Legacy UEs support:

Legacy UEs will continue to be part of an operator’s pool of served UEs for a long time (judging from the presence of 2G and 3G UEs in today’s networks). An operator’s network will need to host such UEs and account for a RAN that can serve them while migrating to a new and non backwards compatible radio access. Even if an operator chooses to accelerate migration of its UE population from legacy devices to new ones, support for roaming UEs would imply that legacy devices will have to be served. Support of legacy devices ensures profitability from investments already made on the legacy system.

Forward Compatibility:

The 5G system under design should consist of a platform that can be expanded without unnecessary constraints due to support of legacy systems. Namely, the system should be free from technical designs that are not required to fulfil service requirements and that would prevent future optimisation. A good example of such constraints could be HARQ timing processes in LTE. 
This implies that a migration path should ultimately lead to such a system.

From the above points two observations can be made:

Observation 1: A good migration strategy should ensure support of legacy UEs and rely on LTE coverage/availability at least for a first phase of NR deployments 

Observation 2: A good migration strategy should allow forward compatibility and it should account for the design of a standalone NR system for hotspots capacity areas and for subsequent migration phases   
3
Options choice for optimal migration 
It seems clear that to tackle a migration path that exploits the availability and coverage of LTE and that ensures to continue serving legacy UEs, Option 3/3a is the best candidate options at least as a starting point.

TR38.801 represents this option as below:
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Figure 6.3.1-2: Options 3 and 3A

The Option 3 family creates a fast time to market opportunity to deploy NR and to exploit at least its enhanced lower layers design. It is assumed that Option 3 has minimal impacts on the EPC and on the LTE eNB. In Option 3 tight interworking is supposed to function in a way very similar to the DC feature standardised in Release 13.

Option 3 removes dependency of NR deployments from the availability of the NGCN and exploits features like DC that have been already optimised in LTE. This option is able to increase capacity by coupling NR spectrum with LTE. 
Further, Option 3 enables the introduction of NR UEs while maintaining support for legacy UEs. This option provides a good baseline for the operator to choose when to deploy more NR gNBs, when to refarm LTE frequencies or move to other architecture options, depending on the speed at which NR capable UEs replace legacy UEs.
For the above reasons it is believed that Option 3/3a constitutes an important scenario 3GPP should focus on in order to provide a smooth migration to 5G systems.
Conclusion 1: Option 3/3a represents the scenario RAN3 should focus on with highest priority 

In order to exploit the advantage of keeping LTE as a base layer for enhanced coverage, legacy UE support, smooth migration to a new radio access system etc. it would also be beneficial to prioritise the use of schemes such as Option 7/7a. These options are included in TR38.801 as shown below:
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Figure 6.3.1-5: Options 7 and 7A

Thanks to the agreement that the NG interface will be re-used both for eLTE to NGCN and for NR to NGCN connectivity, the development of the NG interface needed to support Option 7 can be reused in other scenarios such as Option 2, 4, 4a, and 5. 

Moreover, thanks to the agreement that the Xn interface will be reused for gNB to gNB and gNB to eLTE eNB connectivity, development of the Xn interface for Option 7 can be reused for scenarios 4 and 4a.

The above leads to the conclusion that once Option 7/7a is specified, RAN3 will have all the interface specifications in place to cover also other options such as Option 2, 4/4a and 5.

From the above it can be also deduced that once Option 7/7a is available Option 5 will become automatically available because the functions supported to specify Option 7/7a are a superset of those needed for Option 5.
Conclusion 2: Due to its importance in migration paths and in the development of interfaces that are reusable for other options, Option 7/7a should be prioritised

In order to respond to the demand for new 5G services and to the demand for higher capacity in specific hotspots it is also important that 3GPP and RAN3 focus on the development of an option where an NR gNB can work as a master node with the support of the NGCN. From RAN3 point of view, namely from the point of view of specifying interfaces that can enable options to interoperate, Option 4/4a seems to be the most important given that:

· It ensures development of the full NR protocol stack for a master gNB
· It relies on Xn and NG development needed also for Option 7/7a

· It exploits the presence of already existing LTE sites, cells, coverage 

· If combined with Option 3, it ensures support for legacy UEs

· The designing of a full NR protocol stack would be reusable in other options based on the gNB as a master node, i.e. Option 2
Option 4/4a is captured in TR38.801 as below:
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Figure 6.3.1-3: Options 4 and 4A
From the above it can be deduced that once Option 4/4a is available Option 2 will become automatically available because the functions supported to specify Option 4/4a are a superset of those needed for Option 2.

It should however be noted that from a RAN2 point of view the development of Optoin 4/4a may constitute more work than development of Option 2, in which case a decision in RAN2 should be made on whether to prioritise Option 4/4a or Option 2.
Conclusion 3: Option 4/4a should be prioritised in order to support specification of a NR protocol stack for master node operation of a gNB and because of its importance in migration paths

3
Conclusion
In this paper an analysis of the options that would need to be prioritised in RAN3 has been made. The analysis revealed that, in order to make an efficient use of RAN3’s time and to reap the highest benefits from the work to be conducted it is worth prioritising as per following conclusions:
Conclusion 1: Option 3/3a represents the scenario RAN3 should focus on with highest priority 

Conclusion 2: Due to its importance in migration paths and in the development of interfaces that are reusable for other options, Option 7/7a should be prioritised

Conclusion 3: Option 4/4a should be prioritised in order to support specification of a NR protocol stack for master node operation of a gNB and because of its importance in migration paths

A TP for TR38.801 is presented below, which adds a description of the above conclusions in TR38.801.
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TP for TR38.801

14.4
Reference Scenarios for Migration
The Option 3 family creates a fast time to market opportunity to deploy NR and to exploit at least its enhanced lower layers design. It is assumed that Option 3 has minimal impacts on the EPC and on the LTE eNB. In Option 3 tight interworking is supposed to function in a way very similar to the DC feature standardised in Release 13, as described in section [xx].

Option 3 removes dependency of NR deployments from the availability of the NGCN and exploits features like DC that have been already optimised in LTE. This option is able to increase capacity by coupling NR spectrum with LTE. 
Further, Option 3 enables the introduction of NR UEs while maintaining support for legacy UEs. This option provides a good baseline for the operator to choose when to deploy more NR gNBs, refarm LTE frequencies or move to other architecture options, depending on the speed at which NR capable UEs replace legacy UEs.

For the above reasons Option 3/3a takes highest priority in the work RAN3 will conduct on Next Generation systems.
Option 7/7a enables to exploit the advantage of keeping LTE as a base layer for enhanced coverage, legacy UE support and smooth migration to a new radio access system.
The development of the NG interface needed for Option 7.7a can be reused for other scenarios such as Option 2, 4/4a and 5. The development of the Xn interface needed for Option 7.7a can be reused for other scenarios such as Option 4/4a.

The availability of Option 7/7a would make Option 5 also available because the functions supported to specify Option 7/7a are a superset of those needed for Option 5.
For the above reasons Option 7/7a should be prioritised in the work RAN3 will conduct on Next Generation systems.
The development of Option 4/4a will enable specification of a NR protocol stack for operation of the gNB as a master node. This option is important in migration strategies because it exploits LTE coverage and capacity. Also, the availability of Option 4/4a would make Option 2 also available because the functions supported to specify Option 4/4a are a superset of those needed for Option 2.
For the above reasons Option 4/4a should be prioritised in the work RAN3 will conduct on Next Generation systems.
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