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Introduction
At the RAN3 #96 meeting, additional text was added to DRAFT TS 38.401, Section 3.1, regarding the definition of a gNB Distributed Unit stating that “One cell is supported by only one gNB-DU”.     This restriction is expected to have adverse impacts to some NR features.       
In this contribution, we first will provide a motivation for why we think the concept of a cell spanning multiple DU’s is valuable and feasible.  The second part will provide an overview of some specification impacts we expect and discuss the negative impacts of this restriction.   Finally, we propose that this restriction be removed from the DRAFT specification.   
Discussion 
Unintended Consequences
The restriction that “One cell is supported by only one gNB-DU” was added on the basis of [1], simplify F1 operations and protocol, and [2], not needing to support the pooled CU concept.   However, this restriction will have some other unintended adverse consequences, not related to these basis.      
Observation 1: The restriction that “one cell is supported by only one gNB-DU” will have unintended adverse consequences to some potential NR features.       
Motivation for Multiple DU per Cell 
In the interest being forward compatible, we do not want to put an unnecessary restriction on the relationship of a gNB-DU and a cell. The definition of a cell should be forward compatible. For example, in the future when we define a lower layer split then we must accommodate the case where a cell spans multiple DUs because in that case, a DU essentially becomes a TRP.   We must cover the case where multiple TRP are included under a single cell for a lower layer splits. We would like to avoid a situation where we have to completely rehash this topic again simply because the initial specifications were not sufficiently forward compatible to accommodate a lower layer split.     
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Figure 1: Lower Layer Split Architecture
The above point is illustrated better in Figure 1, where a lower layer split architecture shows a CU and multiple DUs. Here each DU is effectively a TRP, so a UE needs to use beam based mobility (mobility without RRC involvement) to move between beams supported by different TRPs. It is quite evident based on this example that if one cell is supported by one gNB-DU, the entire concept of beam-based mobility would be threatened for the shown architecture, because it would require Layer-3 based handovers or multi-connectivity when moving from one beam to another. 
Observation 2: If one cell is supported by only one gNB-DU, the concept of beam-based mobility would be precluded for a lower-layer split architecture because it would require Layer-3 based handovers or multi-connectivity when moving from one beam to another.
Proposal 1: The relationship between the number of DUs that may be supported by one cell should be forward compatible to future architecture enhancements such as a lower-layer split between CU and DU.   
Proposal 2: A Cell is only associated with 1 CU, i.e. a single Cell cannot span multiple CUs.  
Proposal 3: A Cell can span multiple DUs as well as a DU can have multiple Cells and RAN3 specifications/definition should support both. The exact mapping would depend on the architecture split as well as implementation.   
Note that the definition of an NR cell, nor how Cell ID mapping will be done with respect to gNB-CU (Editor’s note Section 10.3.2.2.3 of [3]) and gNB-DU have not yet been agreed in RAN working groups. These need to be agreed upon while considering the impact on various features being considered in different working groups, and also considering various possible NR deployment architectures. Since these discussions have not stabilized in 3GPP RAN working groups, it is preliminary to restrict the cell definition to “one cell is supported by only one gNB-DU” in RAN3. 
Observation 3: Since cell definition has not yet been fully discussed in RAN working groups, it is preliminary to place a restriction on the definition of NR cell in RAN3 without consulting other RAN working groups.
There is another reason for not restricting the definition of cell. A RAN1 feature that was agreed upon in the last WG meeting (Hangzhou) is called non-coherent JT with multi DCI grant [4]. In LTE, for both coherent and non-coherent JT, the scheduling entity is common and only a single grant is given. However, in NR multiple TRP can schedule the UE independently with independent schedulers based on non-coherent JT with multi-DCI grant. Since different DU’s do not share scheduler, NC-JT with multi DCI grant happens when the UE is scheduled across two DUs. In this case if the two DU’s belonged to the same cell, the design of the RAN2 specification to enable this will be simple and this can be enabled without using multi-connectivity in RAN2. We believe that multi-DCI NC-JT is much simpler to implement from a RAN2 point of view if multiple DU can have the same cell.  We believe this is an important use case for supporting multiple DUs per cell.  
Observation 4: Multi-DCI NC-JT is much simpler to implement from a RAN2 point of view if multiple DU can have the same cell.  
Finally, we discuss one more scenario where restricting the definition of cell to a single DU will cause a problem. RAN working groups are studying a feature called Integrated Access and Backhaul (IAB) [5] where NR nodes can be self-backhauled wirelessly to other NR nodes to facilitate easy deployment. For densely deployed mmWave NR systems, the area covered by an NR node can be quite small, so a dense deployment of NR nodes in a given area could require a significantly larger number of deployment sites. There is considerable interest in being able to deploy NR nodes without fiber access to every deployment site. Due to large available bandwidths in mmWave spectrum bands, and the ability to deploy narrow beams using multi-antenna element arrays, it may be more feasible to support self-backhauled links for NR systems operating in mmWave spectrum.
Figure 2 below shows an example scenario where IAB link (self-backhaul links) could be used to connect DU3 and DU2 to DU1, which has fiber access to the CU. In order for IAB links for operate efficiently, the CU-DU split has to be based on a higher layer functional split, such as Option 2-based split. Note, self-backhauling cannot be done for a lower-layer split where each deployment site contains a TRP with the lower PHY because of very large backhaul requirements. Hence, the IAB feature must be supported by an Option 2 split. 
If the definition of a cell is restricted to a gNB-DU, in the described realistic IAB deployment scenario, Layer-3 based handovers would have to be done every time a UE moves from one DU to another. This could cause significant increase in RRC signalling, which is not desirable. 
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Figure 2: Integrated Access and Backhaul Scenario

Observation 5: Restricting the definition of a cell to only one gNB-DU could cause significant increase in RRC signalling for a deployment scenario that uses Integrated Access and Backhaul.  

Specification Impact
From RAN1 Specification Point of View  
We don’t expect any RAN1 spec impact as RAN1 specs support a cell spanning multiple DUs today.    

From RAN2 Specification Point of View
We don’t think RLC is a problem since the RLC entity is bearer specific anyway, such that the RLC entity belonging to a different bearer on a different DU can be managed without any coordination. This is the same as though the different RLC entity belonging to a different bearer on the same DU. 
Next, let’s discuss the MAC. For the MAC, we should discuss the coordination for the broadcast/common channels (such as SSS/PSS/PBCH) and the dedicated channels (such PDSCH) separately. But in either case we don’t feel there is need for static partitioning of resource. 
· Scheduling of broadcast and synchronization signals: Since the delivery of these channels is beam based, the transmission from a different DU is no different from transmitting on multiple simultaneous beams from the same DU. The time-frequency location of each SS block burst can be configured statically through the O&M. Only the SS block ID space needs to be shared across multiple DU, i.e. the total number of beams is shared. Static partitioning of other DU resources is not needed since multiple DUs can transmit at the same time. This would be the same as transmitting on multiple beams simultaneously from the same DU. 

· Scheduling of PDSCH: In NR everything about the PDSCH is UE specific. Therefore, scheduling and transmitting the PDSCH from different DUs doesn’t have any impact on whether the cell ID is same or not since cell ID doesn’t impact the PDSCH at all. So, in this case we can run the scheduler independently on each DU even though they are the part of the same cell. No partitioning of resource is needed.  Therefore, whether the physical cell ID of two DUs is the same or different doesn’t impact how PDSCH is transmitted, scheduled, and how resources are shared. 

Traditionally in LTE there is only one MAC entity per cell. However, in this case we are likely talking about supporting multiple MAC entities associated with the same Cell. Even though these MAC entities can schedule PDSCH independently, there will likely be a need for some coordination between the MAC entities of the same Cell. The details of this is TBD. This is mostly a RAN2 detail, but it will be good if the RAN3 design is forward compatible. 
Proposal 4: Based on the discussion above, RAN3 should consider removing the restriction that “One cell is supported by only one gNB-DU”.     RAN3 to agree on the accompanying modified text proposal which is supplied in [6].  

Negative Impacts of Restriction
Based on the above discussion, we summarize the negative impacts of continuing to support the restriction that one cell is supported by only one gNB-DU.
· Unable to keep NR specifications open to support lower layer split architectures in the future
· Unable to support inter-DU multi-DCI transmission without multi-connectivity for single bearer
· Precludes future NR mobility enhancements such as Layer-2 based mobility
· Makes it more complicated to support future NR architectures such as deployment of Option 2 split-based integrated DU-TRP units with Integrated Access and Backhaul (IAB) 
· In general, this restriction places unnecessary restrictions on forward compatibility of NR specifications without showing any performance benefits to justify the restriction
Observation 6: There are significant negative impacts of the restriction that one cell is supported by only one gNB-DU.
Summary  
In this contribution, we examined the motivation for having a cell span multiple DUs as well as some of the specification impacts.   
Observation 1: The restriction that “one cell is supported by only one gNB-DU” will have unintended consequences to some potential NR features.        
Observation 2: If one cell is supported by only one gNB-DU, the concept of beam-based mobility would be precluded for a lower-layer split architecture, because it would require Layer-3 based handovers or multi-connectivity when moving from one beam to another.
Observation 3: Since cell definition has not yet been fully discussed in RAN working groups, it is preliminary to place a restriction on the definition of NR cell in RAN3 without consulting other RAN working groups.
Observation 4: Multi-DCI NC-JT is much simpler to implement from a RAN2 point of view if multiple DU can have the same cell.  
Observation 5: Restricting the definition of cell to only one gNB-DU could cause significant increase in RRC signalling for a deployment scenario that uses Integrated Access and Backhaul.  
Observation 6: There are significant negative impacts of the restriction that one cell is supported by only one gNB-DU.
This contribution provides four proposals, the fourth of which, requests specific action by RAN3.   
Proposal 1: The relationship between the number of DUs that may be supported by one cell should be forward compatible to future architecture enhancements such as a lower-layer split between CU and DU.   
Proposal 2: A Cell is only associated with 1 CU, i.e. a single Cell cannot span multiple CUs.   
Proposal 3: A Cell can span multiple DUs as well as a DU can have multiple Cell and RAN3 specifications/definition should support both. The exact mapping would depend on the architecture spit as well as implementation.  
Proposal 4: Based on the discussion above, RAN3 should consider removing the restriction that “One cell is supported by only on gNB-DU”.   RAN3 to agree on the accompanying modified text proposal which is supplied in [6].  
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