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1. [bookmark: _GoBack]Introduction
Last meeting we achieved some consensus on how to deliver PRACH configurations of neighbour cells toward a gNB-DU:
It should be possible for the gNB-CU to provide the gNB-DU with information indicating the CGI of the cells potentially in conflict and the neighbouring relation between these cells and their neighbour cells, along with the PRACH configurations of those neighbour cells, so as to prevent the gNB-DU from reconfiguring one of its cells from conflicting with one neighbour toward conflicting with another neighbour. How/whether gNB-CU do the filter is up to implementation.
Approach 2bis is adopted
Maximum number of potentially-in-conflict served cell list is FFS and neighbour cell list is 32
PRACH configuration is not included in F1 setup response message
To set the maximum number of served cell as 256.
In this contribution we would analyse how to turn these agreements into TPs.
2. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Discussion
2.1. F1AP
According to the agreement “Approach 2bis is adopted”, the outer level should be a list of served cells and the inner level should be a list of neighbour cells.
Even for the outer level, there is no existing served cell list suitable to carry PRACH information (especially considering the maximum length is 256). Therefore a new “list of list” should be added.
This newness provides full freedom on detail IE defining—and in other words, a lot of potential FFSs.
For convenience we would like to start form the inner list. The content of the inner list should include one NR CGI and PRACH configuration(s) of course, the absolute frequency position of Point A for both the UL and possible SUL, the possible Δshift of 7.5kHz for each of UL or SUL, the carrier list for each of UL or SUL, the possible TDD pattern, and the “SSB position in burst”. All of these are identified as necessary for PRACH coordination during our discussion in Rel-16, so they are reasonable to be copied here.
But how?
The laziest way (maybe) is to include the entire “9.3.1.10 Served Cell Information”, but we believe no one welcomes this way: it defines too many IEs as mandatory ones, e.g. list of served PLMNs. They cost a lot of bits but virtually have no use for PRACH coordination.
So we have to break it down.
The NR CGI should be the first IE and the only IE defined as mandatory-present one. That is to say, other IEs directly within the list item should all be optional, which is exactly what makes “Approach 2bis” different from “Approach 2”.
The rest IEs are logically used as following:
>NUL configuration:
>>Frequency position of Point A
>>Δshift of 7.5kHz
>>NUL Carrier List
>>NUL PRACH configuration (a list with each item associated with a carrier)
>>TDD configuration (if applicable)
>SUL configuration:
>>Frequency position of Point A
>>Δshift of 7.5kHz
>>NUL Carrier List
>>SUL PRACH configuration (a list with each item associated with a carrier)
>SSB position in burst
In the 9.3.1.10 Served Cell Information however, this information are encoded as three parts:
>choice NR Mode Info:
>>if FDD:
>>>UL FreqInfo:
>>>>ARFCN (for NUL)
>>>>SUL Information:
>>>>>SUL ARFCN
>>>>>Carrier List (for SUL)
>>>>>Δshift of 7.5kHz (for SUL)
>>>>>[Other mandatory present IEs for SUL]
>>>>Δshift of 7.5kHz (for NUL)
>>>>[Other mandatory present IEs for NUL]
>>>UL Carrier List
>>>[Other mandatory present IEs for NUL]
>>if TDD:
>>>NR FreqInfo:
>>>>ARFCN (for NDL+NUL)
>>>>SUL Information:
>>>>>SUL ARFCN
>>>>>Carrier List (for SUL)
>>>>>Δshift of 7.5kHz (for SUL)
>>>>>[Other mandatory present IEs for SUL]
>>>>Δshift of 7.5kHz (for NDL+NUL)
>>>>[Other mandatory present IEs for NUL]
>>>TDD UL-DL Configuration Common NR
>>>Carrier List (for NDL+NUL)
>>>[Other mandatory present IEs for NUL]
>SSB Position In Burst
>NR PRACH Configuration:
>>UL PRACH Configuration
>>SUL PRACH Configuration
Since the structure of these existing IEs are chaotic and “still heavily polluted by IEs mandatory present in code but of no use for PRACH coordination”, we propose defining a set of new IE structures. Nevertheless, the logic of how those legacy IEs are organised should be followed as long as it is what we intended.
Observation 1: Existing IE structures to deliver neighbour cell information necessary for PRACH coordination is chaotic and heavily “polluted” by IEs mandatory present in code but of no use for PRACH coordination.
As the result, the suggestion is as following:
>choice NR Mode Info:
>>if FDD:
>>>UL Frequency Info:
>>>>ARFCN (for NUL)
>>>>Δshift of 7.5kHz (for NUL)
>>>>UL Carrier List
>>>SUL Frequency Info:
>>>>SUL ARFCN
>>>>Δshift of 7.5kHz (for SUL)
>>>>Carrier List (for SUL)
>>if TDD:
>>>TDD Frequency Info:
>>>>ARFCN (for NDL+NUL)
>>>>Δshift of 7.5kHz (for NDL+NUL)
>>>>Carrier List (for NDL+NUL)
>>>SUL Information:
>>>>SUL ARFCN
>>>>Δshift of 7.5kHz (for SUL)
>>>>Carrier List (for SUL)
>>>TDD UL-DL Configuration Common NR
>SSB Position In Burst
>NR PRACH Configuration:
>>UL PRACH Configuration
>>SUL PRACH Configuration
Proposal 1: To define new IE structures to deliver neighbour cell information necessary for PRACH coordination.
And then we would check the outer list.
The content of each item in the outer list seems clear: one NR CGI (of the served cell) and one NR neighbour cell list. The major issue on the outer list is on the scope.
One approach is to define that list dedicated for NR PRACH coordination, while another approach is to define it suitable to be expanded for other cross-link interferences (at least for NR-E-UTRA PRACH coordination maybe). We general prefer the latter approach as it does not cost many more bits. As the result the NR neighbour cell list should be optional present (as one day in the future we may add an E-UTRA neighbour cell list into it).
Proposal 2: The NR neighbour cell list should be defined as an optional IE for future-proof purpose.
One last thing is whether the gNB-DU should store the received neighbour PRACH configuration it received.
That similar question on X2AP and XnAP should surely be “yes” as one E-UTRAN node or NG-RAN node may receive neighbour PRACH configuration from multiple neighbour nodes. If it doesn’t store the PRACH configuration the following case may occurs:
Step 1: RAN Node 1 is setup.
Step 2: RAN Node 2 is setup, neighbouring to RAN Node 1. RAN Node 2 delivers its PRACH configuration toward RAN Node 1.
Step 3: RAN Node 1 receives the PRACH configuration from RAN Node 2 and finds that there is no collision. And then RAN Node 1 forgets that PRACH configuration.
Step 4: RAN Node 3 is setup, neighbouring to RAN Node 1. RAN Node 3 delivers its PRACH configuration toward RAN Node 1.
Step 5: RAN Node 1 receives the PRACH configuration from RAN Node 3 and finds that there is some collision. RAN Node 1 then adjust its own PRACH configuration so as to prevent it from colliding with RAN Node 3, but unfortunately it collides with RAN Node 2 instead, as it has forgotten the PRACH configuration in RAN Node 2.
The case over F1AP could be—although extremely rare—essentially the same, because one physical gNB-DU may connect to multiple physical gNB-CUs (there are a few IEs dedicated for such scenario in F1AP). It is anyhow possible that different physical gNB-CU provides different set of neighbour cell’s configuration.
In order to meet the agreement “to prevent the gNB-DU from reconfiguring one of its cells from conflicting with one neighbour toward conflicting with another neighbour”, and in order to get aligned with X2AP and XnAP, we propose that the gNB-DU should store the received PRACH configuration of its neighbours.
Proposal 3: The gNB-DU should store the received PRACH configuration of its neighbours.
2.2. X2AP
For X2AP the solution is quite straightforward: there is one § 9.2.98 “NR Neighbour Information” and it is not so “polluted” as its F1AP counterpart. The only mandatory IE in its item is the NR PCI, the NR CGI, the MTC, and the NR-Neighbour-Mode info which contains only the ARFCN(s). Including it there seems acceptable. However this structure lacks of IEs that can indicate the location and bandwidth of carriers (except the ones of the SUL), the TDD pattern and the number of SSB, so we have to add them as well.
Observation 2: The current structure of § 9.2.98 “NR Neighbour Information” lacks of IEs that can indicate the location and bandwidth of carriers (except the ones of the SUL), the TDD pattern and the number of SSB, which are necessary to determine the configuration of PRACH.
Proposal 4: An optional IE “NR Cell PRACH Configuration” is proposed to be added into the § 9.2.98 “NR Neighbour Information” inside TS 36.423, as well as some necessary IEs to deliver the location and bandwidth of carriers, the TDD pattern and the number of SSB.
3. Conclusion
Observation 1: Existing IE structures to deliver neighbour cell information necessary for PRACH coordination is chaotic and heavily “polluted” by IEs mandatory present in code but of no use for PRACH coordination.
Proposal 1: To define new IE structures to deliver neighbour cell information necessary for PRACH coordination.
Proposal 2: The NR neighbour cell list should be defined as an optional IE for future-proof purpose.
Proposal 3: The gNB-DU should store the received PRACH configuration of its neighbours.
Observation 2: The current structure of § 9.2.98 “NR Neighbour Information” lacks of IEs that can indicate the location and bandwidth of carriers (except the ones of the SUL), the TDD pattern and the number of SSB, which are necessary to determine the configuration of PRACH.
Proposal 4: An optional IE “NR Cell PRACH Configuration” is proposed to be added into the § 9.2.98 “NR Neighbour Information” inside TS 36.423, as well as some necessary IEs to deliver the location and bandwidth of carriers, the TDD pattern and the number of SSB.
Based on abovementioned proposals, we draft two TPs accordingly [1][2].
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