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1
Introduction
RAN3 agreed to specify one CU-DU interface for the HL split option, to allow cloud implementation of RAN. These agreements raise one very important issue to consider, namely the cardinality between the CU and the DU i.e. how many DUs one CU can control. This question is related to the coverage area and number of cells provided by the DUs. 
Furthermore, in the last plenary meeting, the Rel-15 NR WI [1] was approved including LTE-NR interworking options 3 (3, 3a, 3x) with an early completion schedule (by Dec. 2017). The cardinality issue has a further impact on LTE-NR interworking because LTE is defined to interface with at least one gNB over the enhanced X2 (‘Xx’ was used during the study) interface for a UE in dual connectivity configuration. 
This paper analyses the scope of these issues and discusses initial considerations.
2
Discussion
2.1
Possible scenarios
In the figure below, a possible configuration for a Scenario 3 (3, 3a, 3x) deployment with a “cloudified” gNB is shown. The higher protocols of the gNB are centralized in the CU while the lower parts are deployed in the DUs. The LTE eNB may act as the master node (MeNB) for a UE configured into dual connectivity, where the gNB is acting as the secondary node (SgNB). LTE eNBs are connected via X2 interface to the gNB-CU.

The following can be observed:

-
In a gNB, a large number of DUs could be connected to a single CU. The “coverage area” of the gNB therefore comprises the (large) coverage area of the many cells of all DUs connected to that CU.

-
In this case, LTE eNBs, although possibly Macro eNBs, may have a smaller coverage area than the gNB and hence gNB coverage may include more eNBs.
Observation 1: A large number of DUs could be connected to a single CU, and the “coverage area” of the gNB therefore comprises the coverage area of the cells of all DUs. 

Observation 2: In Scenario 3 (3, 3a, 3x) deployments with cloudified gNB (with CU/DU architecture), LTE eNBs, although possibly Macro eNBs could have a smaller coverage area than the gNB.
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Figure 1: Possible configuration of a gNB with CU/DU architecture and LTE eNBs in a Scenario 3 (3, 3a, 3x) deployment
In this configuration, some issues can be identified and need to be solved.
2.2
Number of gNB-DUs and number of cells controlled by a gNB-CU
In LTE, the E-UTRAN Global Cell identifier (ECGI), consists of the E-UTRAN Cell Identity (ECI) of 28 bits. From the ECI, the eNB ID occupies the 20 leftmost bits, the Cell Identifier uses the remaining 8 bits, i.e. at maximum 256 cells can be identified per eNB.
Following from Observation 1, neither the Cell Identity fields nor the number of eNB IDs may be sufficient for all scales of gNB implementations, in particular for gNB deployments with CU/DU architecture:

-
The number of DUs connected to a CU should be possible to scale per the actual needs of the deployment. It should not become constrained by the addressing identifiers or other parameters to be defined in NR.
-
Similarly, the number of cells controlled by a gNB (consisting of CU and DUs) should not become limited
As an example, if a gNB CU is controlling 100 DUs, where one DU has 3 sectors each with 4 RUs (Radio Units), each with 2 cells i.e. 8 cells per DU, one CU will be managing 2400 cells. This number scales according to the deployment needs and service requirements. The number of cells for higher frequency small cell deployments could be significantly higher in the same area.
Note that potential solutions for this issue include the following:
1) Reuse ECGI with numeric value range extension for the Cell Identity field.
2) Define a new set of NR identifiers for the NR use.
2.3
Proposal

Based on the discussion and observations above, we propose to further analyse potential impact of scenarios with large gNB deployments with gNB-CU/DU configuration on related NR parameters and addressing identifiers.
The following issues need to be addressed:

-
Number of bits which are needed to encode NR logical cell identifier. We propose to consider 16 bits, corresponding to a range of 1..65535 cells per CU;
-
Impact on Fs interface to carry NR logical cell identifier;
Proposal: The definition of identifiers in NR should not restrict large scale cloud deployments, specifically for the number of DUs and cells served by a single CU. 16 bits should be considered for encoding of the NR logical cell identifier. Furthermore, the impact on the Fs interface, and X2 interface needs to be clarified.
3
Summary
Observation 1: A large number of DUs could be connected to a single CU, and the “coverage area” of the gNB therefore comprises the coverage area of the cells of all DUs. 

Observation 2: In Scenario 3 (3, 3a, 3x) deployments with cloudified gNB (with CU/DU architecture), LTE eNBs, although possibly Macro eNBs could have a smaller coverage area than the gNB.
Proposal: The definition of identifiers in NR should not restrict large scale cloud deployments, specifically for the number of DUs and cells served by a single CU. 16 bits should be considered for encoding of the NR logical cell identifier. Furthermore, the impact on the Fs interface, and X2 interface needs to be clarified.
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