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In the last meeting, the following technical issues need to be further discussed:
	WA: Uu Cell ID is used in HO signaling.
How to support this EMC case?
FFS on what’s the TAC to be used when using Uu cell ID in Xn setup and configuration update procedures


In this paper, we provide some further considerations regarding these issues.
Discussion
2.1 Assumptions on Cell IDs and TACs
Before having a detailed discussion on which type of cell ID should be used in Xn signalling, we would like to declare our understandings and assumptions on the cell ID usage. 
Firstly, a mapped cell ID, associated with a fixed geographical area, is define per gNB. In NGAP 38.413, for example, NR CGI has been defined as:
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This IE is used to globally identify an NR cell (see TS 38.300 [8]).
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.3.3.5
	

	NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	The leftmost bits of the NR Cell Identity IE correspond to the gNB ID (defined in subclause 9.3.1.6).






In other words, for the same geographical area, different gNBs can have different mapped cell IDs. Moreover, we do understand that if a gNB has multiple beams, i.e. multiple PCIs, we can have multiple different mapped cell IDs defined for one same area on a per beam/PCI basis. This is not unusual even in the context of terrestrial network, where there can be two different beams covering the same geographical area with two cells.
One same geographical area can correspond to multiple mapped cell IDs, on a per gNB/PCI basis.
Besides, we can also assume that the tracking area is always larger than the geographical area represented by a mapped cell ID, and correspondingly a mapped cell has only one associated TAC. We think such assumption is reasonable since mapped cell is designed to enable the AMF to be aware of the UE location for Paging, PWS, etc., which usually corresponds to a smaller geographical area. One may argue, if RAN lacks accurate enough UE location, the mapped cell ID can be pre-configured or even be very large, such that the geographical area represented by mapped cell is even larger than tracking area. However, we are wondering whether it is possible from network planning point of view. It is anyway a good assumption to stick on legacy behaviour to have a larger area of TAC then mapped cell.
It is reasonable to assume tracking area is always larger than the geographical area represented by a mapped cell ID
The Uu cell ID is defined for broadcast, whose coverage area is associated with a beam, and hence within one Uu cell ID there can be multiple TACs. In addition, Uu cell ID is defined at network level, and is not expected to be signalled to the CN according to our agreements in R17. 
In our previous paper [1], we have declared that there are two essential prerequisites for handover procedure.  The first one is declaring the available neighbouring cells between NG-RAN nodes. The second one is to associate the Cell ID obtained from the UE measurement results with the Cell that has been declared. We want to note that OAM is anyway needed to help nodes understand the serving/neighbour cells of peer nodes. Also the neighbouring relationship is defined in the neighbour relation table (NRT). In 38.300 section 15.3.3, NRT has been clearly defined.
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Independent of the OAM effort, such neighbouring relationship are also exchanged via Xn with Xn setup/configuration update messages. When Xn is not deployed, however, such information is not exchanged via NG, and OAM is the only reliable way. Specifically, this means OAM can help gNB understand the PCI and Uu cell ID of the serving and neighbouring cells of peer nodes, and also the mapped cells IDs and TACs within the coverage of the serving and neighbouring Uu cells of peer nodes at a certain time. This does request higher OAM and NRT effort at the early stage of satellite deployment, due to the cell movement, time component, i.e. the different mapping at different times, which is, however, inevitable. 
OAM effort and NRT is anyway needed to help nodes understand the serving/neighbour cells of peer nodes.
2.2 Cell ID usage in handover messages
In the last meeting, there was a WA that Uu Cell ID is used in HO signalling. In our understanding, using Uu cell ID in HO signalling can work, and hence we are not really against this WA. In the meanwhile, we do think using mapped cell ID in HO signalling works as well, and even has some benefits. We understand some companies have concerns on using mapped cell ID, which relates to the following FFS:
How to support this EMC case?
With the observations in section 2.1, we do see no issues for handling earth moving case (EMC) by using mapped cell ID in HO signalling. Here, we would like to explain with an example describing scenario given by the opponents. 
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In the figure above, we assume both UE1 and UE2 are at the same location, and need to be handover to gNB2, which is the target gNB. gNB2 has 2 satellite beams and hence 2 PCIs/Uu cell IDs. The source gNB is not shown in the figure for simplicity. Then we have a fixed geographical area corresponding to a Mapped Cell #A. Note that, Mapped Cell #A is just used to denote a fixed geographical area, which can have different mapped cell ID in Uu cell #1 and Uu cell #2. For time T1, it is easy to find target mapped cell belongs to Uu cell #1. The controversial scenario is at time T1+10, where Uu cell #1 covers part of the geographical area, and Uu cell #2 also covers part of Mapped Cell #A. In the following, we explain how mapped cell ID in HO signalling works for time T1+10.
Step 1: UE measures and reports the PCI (and Uu cell ID) of the cell that it wants to handover to, in this case it is Uu cell #2. Then the source gNB understand the Uu cell #2 belongs to target gNB2, and source gNB knows the mapped cell IDs and TACs within Uu cell #2 at this moment thanks to OAM and/or Xn exchange.

Step 2: By applying mobility restriction list (MRL), the NRT, the measurement reports and some RRM, the source gNB selects, as target mapped cell, one of the mapped cells which is not in forbidden area/non-allowed area and within the PCI/Uu cell reported by UE, and include it in handover request message. If source gNB has relevant OAM/NRT definition associated with accurate RRM e.g. time based, location based etc, it will choose mapped cell ID #2, which corresponds to Mapped Cell #A in HO signalling. 

Step 3: After receiving the mapped cell ID #2, target gNB2 understands the UE is in the coverage of Uu cell #2 based on the mapping relationship given by OAM. Note that, in the coverage of Uu cell #1, there will be a different mapped cell ID (per PCI) defined for the same Mapped Cell #A, so there is no issue to distinguish whether UE is using the resource of Uu cell #1 or #2.
Moreover, we find there are in fact some advantages to using mapped cell ID in HO than Uu cell ID. If UE location is obtained by the source gNB, by sending a mapped cell ID to the target, the target knows directly where the UE is roughly located. This avoids extra work from target side to get the UE location and the mapped cell ID, e.g. for the path switch at end of HO procedure. 
There is no issue but even benefit to use mapped cell ID in HO signalling

Then the next issue is which cell ID should be used in Xn setup and configuration update procedure. Based on the assumption that tracking area is always larger than the geographical area represented by a mapped cell ID, it seems exchanging mapped cell IDs for declaring neighbouring is straightforward and follows legacy behaviour. By which method, RAN nodes can declare all the served cell and corresponding neighbouring cells using mapped cell IDs combined with a single TAC, where the single TAC can be used to confirm whether the neighbouring cell indicated by the mapped cell ID is complied with the service area restriction or not. 
We note that the other option is to exchange the Uu Cell ID during Xn setup procedure. The method is also valid, but yet we need to be careful about the TAC exchange. Exchanging Uu cell with a single TAC has no specification impact, but may cause some issues regarding MRL. For example, it is difficult for the NG-RAN node to judge whether it is suitable to handover UE to target cell, as the target cell may contain TACs that are not allowed. Besides, we note that if only one TAC is exchanged via Xn, we need to discuss which TAC should be chosen to be included in the related IEs. So first of all, the group should discuss whether exchange Uu cell ID with single TAC is problematic or not. Before clarification is made, we think the cost of exchanging Uu cell ID exists; we need to find a way to exchange all the TACs. Some companies have proposed to add a TAC list. This can help for a certain Uu cell ID to be used for declaring all the TACs within its coverage at a certain time, but such change deviates the legacy behaviour, which may cause unexpected side effects in future. Pending to confirmation from the group, it seems that nothing precludes in the current specification to enable to signal the same cell multiple times with different TACs. This approach could allow the usage of Uu Cell ID as legacy cell ID without sending multiple TAC information. However, if this solution is selected, some clarification should be provided to avoid receiver to replace the TAC information or even reject such procedure.
The following options should be discussed to tackle how to declare the neighbouring.
Option 1: Exchange mapped cell ID with a single TAC 
Option 2: Exchange Uu cell ID with a single TAC
Option 3: Exchange Uu cell ID with an additional list of multiple TACs
Option 4: Exchange the same Uu cell ID with different TAC for multiple times 
All options have pros and cons, but in principle we are open to all the options and we would like to be as close as possible to the legacy behaviour and avoid side effects.

Summary 
Based on the discussion, we have following observations and proposals: 
Observation 1.	One same geographical area can correspond to multiple mapped cell IDs, on a per gNB/PCI basis.
Observation 2.	It is reasonable to assume tracking area is always larger than the geographical area represented by a mapped cell
Observation 3.	OAM effort and NRT is anyway needed to help nodes understand the serving/neighbour cells of peer nodes.
Proposal 1.	There is no issue but even benefit to use mapped cell ID in HO signalling
Proposal 2.	The following options should be discussed to tackle how to declare the neighbouring.
Option 1: Exchange mapped cell ID with a single TAC 
Option 2: Exchange Uu cell ID with a single TAC
Option 3: Exchange Uu cell ID with an additional list of multiple TACs
Option 4: Exchange the same Uu cell ID with different TAC for multiple times
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