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1. Introduction

The Study on CU-DU lower layer split for New Radio is supposed to close at RAN3-98, as per SID in [1]. The study is an extension of the Rel14 Study on Next Generation New Radio Access Technology in [2]. 
The objectives of the study are reported as below.
The objective of this Study Item is to continue and complete the study for the CU-DU lower layer split. The study should be continued from that which was conducted within the NR Access Technology Study Item, as of the status captured in TR 38.801 [3]. Study should be mainly conducted in RAN3 based on the physical layer design for NR, with required RAN1 consultation and other WGs if needed (e.g. on a basis of liaison exchange).
The study is to be carried out as follows:

1. Continue to further study on CU-DU lower layer split architecture [starting from June 2017 RAN3 NR Adhoc meeting]

2. The study should attempt to:

a) Identify functionalities and their distribution between CU and DU based on NR.
b) Develop the evaluation criteria and compare among potential options potentially to down select the CU-DU lower layer split options to consider for further study, where the down selection should target to select  option(s) from Option 6, Option 7 families (as captured in TR 38.801 [3]) for the downlink and the uplink (different Options may be selected for downlink and uplink).
c) Conclude on the feasibility of defining a standard interface for CU-DU lower layer split.
In this contribution the overall progress on the topic of low layer splits is considered and conclusions for the LLS study are derived.

2. Analysis of SI progress
When looking at the overall progress achieved during the two studies on low layer splits it is possible to identify a large amount of information produced and documented.
When analysing TR38.801, produced during the SI in [2], it is possible to see that substantial progress was made, such as:
· Description of different low layer split options

· Identification of pros and cons of each described option

· Description of functionality supported by RAN entities across the low layer split

· Analysis of aspects such as “Granularity of the Functional Split” and “Reconfiguration dynamicity of the functional split”
· First recommendation on split option family to be prioritised

With regards to the work carried out in the SI described in [1] and documented in TR38.816 as well as in [3] and [4], the main progress made consists of:

· Identifying an example of L1 processing chain and LS RAN1 with questions regarding the model identified and the design of low layer split architectures
· Receiving a reply LS from RAN1 with an analysis on L1 functionalities and distributions for low layer split architectures

· Identifying new Low Layer Split operation scenarios 

· Acknowledge that the eCPRI specifications constitute a good framework that 3GPP RAN3 should consider and within which low layer split options can be developed

When the progress above is compared against the SI objectives quoted in Section 1, it can be stated that objective 1 has been fulfilled.

Conclusion 1: Objective 1 of the Study on CU-DU lower layer split for New Radio has been fulfilled

Objective 2a has been fulfilled by identifying a number of possible implementations for which a description of functionalities and functions distributions across a low layer split has been provided. 
As described in R3-174795 the reply LS from RAN1 clarifies that it would not be possible to identify a single set of L1 functions and function chain sequence that could lead to a standardised model. This is because such details are left to implementation in order to enable flexible development and adaptability to future changes. For this reason, Objective 2a’s fulfilment cannot go beyond identification of possible low layer split implementations.

Conclusion 2: From the LS exchange with RAN1 it is concluded that a single standardised functional model for a low layer split architecture cannot be identified and at best low layer split implementation options can be described. Following this principle, Objective 2a has been fulfilled.  

With regards to Objective 2b and again, in light of the LS exchange with RAN1, it is clear that it is difficult to evaluate and compare different split options implementations in an objective way. R3-1747965 explained how the reply LS from RAN1 (in [4]) indicates that “required fronthaul bandwidth”, for example, strictly depends on how the split option is implemented. For this reason it is difficult if not impossible to find a set of comparison criteria that would lead to an objective evaluation of one split option versus another. The latter is especially valid because, as already said, we can only evaluate split options implementations, which are by nature variable. 
While implementation options cannot be objectively compared it is correct to state that all the options identified are technically feasible as no showstoppers have been detected that would prevent a technically correct realisation of them.
Conclusion 3: Objective 2b cannot be fulfilled because it is not possible to identify comparison criteria that would unequivocally assess if a low layer split implementation is better than another.
Conclusion 4: All detected low layer split options are technically feasible
Objective 2c can be fulfilled by concluding that, as of today, it appears not feasible to define a low layer split interface that can support all possible implementations, all possible transmission modes and that can be future proof in light of potential changes to the L1 logical chain model that may come in following releases. The latter is what can be deduced from correspondence with RAN1 and highlighted in R3-174795
Conclusion 5: Objective 2c can be fulfilled by concluding that, as of today, it appears not feasible to define a low layer split interface specification that can support all possible implementations, transmission modes and that can be future proof in light of potential changes to the L1 logical chain model that may come in following releases
A further conclusion regards the discussions in RAN3 on eCPRI and the statement added in TR38.816, reported below:
In RAN3#97bis, it was agreed that eCPRI spec provides a promising framework, and the Study on CU-DU lower layer split for NR should take it into account.
It is indeed positive to establish a framework within which low layer split options can be developed. This ensures a better design alignment between different parties in the low layer split solution development chain and is conducive to an inter vendor system that can be made interoperable in an easier way. It is therefore proposed that the eCPRI model should be considered as the framework within which 3GPP based low layer split options are developed 

Conclusion 6: The eCPRI specification should be considered as the framework within which 3GPP based low layer split options are developed

4
Proposed conclusion for the SI
In light of the discussion above it is proposed to conclude the SI on CU-DU lower layer split for New Radio with the following conclusions, which reflect the conclusions above:
---------------------------------Change to TR38.816---------------------------------

7
Conclusion


The following is concluded:

· The Study on CU-DU lower layer split for New Radio has extended the analysis already carried out in the Rel14 Study on New Radio (NR) Access Technology [ref to Rel14 study]. An overall good and detailed amount of information has been produced regarding low layer split architecture options.
· From the LS exchange with RAN1 [ref LS and reply LS] it is concluded that a single standardised functional model for a low layer split architecture cannot be identified and at best low layer split implementation options can be described. In light of this conclusion the study has produced a description of some of the possible low layer split architecture implementations.
· Given that it is only possible to identify possible low layer split implementations and given that implementations vary depending on different factors it is not possible to identify comparison criteria that would unequivocally assess if a low layer split implementation is better than another.
· It is concluded that all identified low layer split options are technically feasible
· It can be concluded that, as of today, it appears not feasible to define a low layer split interface specification that can support all possible implementations, transmission modes and that can be future proof in light of potential changes to the L1 logical chain model that may come in following releases. However, it is acknowledged that a study on low layer split architectures for NR may be resumed if a standardised model for the L1 functions and function chain order, that would allow to analyse split options on the bases of a standardised design rather than based on possible implementations, was available. 
· It is concluded that the eCPRI specifications constitute a promising building block for low layer split architectures and should be considered as the framework within which 3GPP based intra-PHY low layer split options (Option 7 family) are developed. 
---------------------------------End of Change to TR38.816---------------------------------

4
Conclusions

In this paper an analysis of the progress achieved during the study on CU-DU lower layer split for New Radio has been presented.

In light of the discussions and progress within the study the following conclusions are derived:
Conclusion 1: Objective 1 of the Study on CU-DU lower layer split for New Radio has been fulfilled

Conclusion 2: From the LS exchange with RAN1 it is concluded that a single standardised functional model for a low layer split architecture cannot be identified and at best low layer split implementation options can be described. Following this principle, Objective 2a has been fulfilled.  

Conclusion 3: Objective 2b cannot be fulfilled because it is not possible to identify comparison criteria that would unequivocally assess if a low layer split implementation is better than another.

Conclusion 4: All detected low layer split options are technically feasible
Conclusion 5: Objective 2c can be fulfilled by concluding that, as of today, it appears not feasible to define a low layer split interface specification that can support all possible implementations, transmission modes and that can be future proof in light of potential changes to the L1 logical chain model that may come in following releases

Conclusion 6: The eCPRI specification should be considered as the framework within which 3GPP based low layer split options are developed

It is proposed to agree to these conclusions.
The paper also offers a TP for 38.816, where conclusions to the study are proposed. It is suggested to agree to the TP.
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