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[bookmark: _Toc474247438]1	Introduction
This contribution addresses the remaining issues after CB #1007 in RAN3 #109e, namely:
· Issue 1: PRACH Coordination in Spectrum Shared between LTE and NR
· Issue 2: Max Number of neighbour cells’ PRACH configuration from CU to DU
· Issue 3: PRACH configuration conflict detection - transmission of NR PRACH configuration info for neighbour cells
· Issue 4: PRACH configuration conflict detection - retrieval of UE RACH Reports
· Issue 5: PRACH configuration conflict resolution
2	Discussion
In the remaining of this section, we discuss in detail our views on the above remaining issues. 
2.1. NR Densification with Simultaneous Coexistence with LTE 
The first issue involves a problem of densification of NR network with simultaneous coexistence with LTE in hotspots (R3-204633). The proponent observes that the 2.1 GHz band is a good candidate to support both 4G and 5G, and DSS is therefore used to upgrade existing LTE sites for collocated LTE and NR transmission. In addition, newly built neighbour NR sites are introduced, and they will co-exist with the upgraded LTE/NR sites with the aim to ensure full NR coverage in this frequency band. Co-channel interference is a topic that needs to be investigated in such cases (Figure 1).  
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[bookmark: _Ref53564468]Figure 1 5G DSS Deployment Scenario (R3-204633)
Two main alternatives have been discussed:
· Alternative 1: Addition of (E-UTRA) PRACH Configuration IE to XnAP Neighbour Information E-UTRA IE
· Alternative 2: Rel-15 signaling for DSS (E-UTRA - NR cell level resource coordination)
With Alternative 1 it seems to be assumed that the observed inter-cell interference mainly occurs in the UL, and that PRACH resources are most exposed. However, our understanding from earlier work on DSS is that E-UTRA and NR PRACH should not share the same time-frequency resources, and the intention behind addition of the E-UTRA PRACH Configuration IE to Xn could be to enable the receiver to avoid such time-frequency resource collision for NR and LTE PRACH. This will however not avoid UL interference in general, and e.g. PRACH resources at one RAT may remain interfered by e.g. PUSCH transmissions done at the other RAT. In addition to this, Alternative 1 will not provide protection for DL interference. Further analysis relative to E-UTRA and NR PRACH on the same time-frequency resources would require involvement of RAN1 and RAN4.
Alternative 2 relies on DSS signalling which fully avoids collision between NR and LTE both in the UL and the DL. From an architectural point of view, the signalling was designed to take place between the eNB and the en-gNB (X2 interface) or between the ng-eNB and the gNB (Xn interface). The interface used for DSS is not depicted on Fig. 1, however the indicated Xn interfaces between upgraded and new sites are set up between nodes controlling NR cells. Use of the Rel-15 solution would require additional interface to be set up between LTE node (in upgraded site) and NR node in new site. However one important question is to evaluate whether the cell capacity reduction stemming from full resource split between NR and LTE cells in adjacent (not collocated) sites is acceptable (unavoidable), and further analysis of this question would require involvement of RAN1 and RAN4, similar to Alternative 1.
Proposal 1: Both Alternatives 1 and 2 raise questions of non collocated co-channel deployment of NR and LTE cells which would require analysis of RAN1 and RAN4 if pursued in Rel-17.
2.2 PRACH Conflict Detection and Resolution
In this section we address the issues of PRACH conflict detection and resolution jointly, since, in our view, they are tightly inter-related:
· Issue 2: Max Number of neighbour cells’ PRACH configuration from CU to DU
· Issue 3: PRACH configuration conflict detection - transmission of NR PRACH configuration info for neighbour cells
· Issue 5: PRACH configuration conflict resolution. The options under discussion comprise, 1) DU resolves PRACH configuration conflicts locally, 2) DU resolves PRACH configuration conflicts locally, but may flag the presence of a conflict to the gNB-CU so that gNB-CU can send assistance information and 3) DU resolves PRACH configuration locally whenever possible, and informs about RACH failure rate for mitigation of interference scenarios.
There have been much discussion on the maximum number of neighbour cell’s PRACH Configurations from CU to DU. The following two alternatives under discussion are: 
1. "High" number (512, 1024) of configurations sent from CU to DU, and no assistance information from DU to CU
2. "Low" number (e.g. 16) of configurations sent from CU to DU, with assistance information from DU to CU
We believe that in practice a gNB-CU should be able to send a limited number of PRACH Configurations pertaining to the cells of its neighbours to avoid signaling overhead over the interfaces. To achieve this, the gNB-CU would need to receive assistance information from different network nodes. In our view, a flag from a gNB-DU indicating conflict is insufficient and depends on the gNB-DU’s locally selected parameters to reckon what a conflict is considered to be. A greedy gNB-DU may flag conflict to its gNB-CU while another more moderate gNB-DU may not, for the same conditions experienced. In our view, conflict should be determined on cells on a network-wide basis. 
Observation 1: PRACH assistance information from a gNB-DU to gNB-CU in terms of a flag is inadequate by itself to determine conflicts.  
Proposal 2: We support to define a low number of configurations sent from gNB-CU to gNB-DU, but consider the need of assistance information from gNB-DU to gNB-CU beyond a (binary) flag. 
We introduce the metric of RACH Failure Rate that is able to capture a likelihood with which conflicts occur on different cells which subsequently gives an indication on PRACH Configuration conflicts over cells in the network. 
RACH failure rate is calculated to be the ratio of Failed RACH accesses per SSB Index per cell divided by the total number of Failed RACH accesses per SSB Index per cell and the total number of Successful RACH accesses per SSB Index per cell. Calculation of the RACH failure rate can be done at the gNB-DU by using NR UE RACH Report information and internal gNB-DU measurements. To calculate a RACH Failure rate the gNB-DU needs to receive enough NR UE RACH Reports from its gNB-CU. Those can be local NR UE RACH Reports that the gNB-CU has received from UEs or forwarded NR UE RACH Reports it has received through the Xn interface and which are related to its cells. 
Proposal 3: RACH failure rate is calculated at gNB-DU, based on NR UE RACH Reports being sent from the gNB-CU to the gNB-DU and based on internal information on successful RACH procedures. 
Having introduced the above, we propose the following with respect to Issue 5: 
Proposal 4: gNB-DU resolves PRACH configuration conflicts locally. gNB-DU may use RACH Failure Rate information from other gNB-DUs under the same or different gNB-CU.
After it is calculated at the gNB-DU, the RACH Failure Rate is sent to its gNB-CU through F1 interface.
Proposal 5: RACH Failure Rate is sent from a gNB-DU to its gNB-CU though F1 interface.
RACH failure rate information can further be communicated between two neighbouring NG-RAN nodes to indicate the failure rate per SSB Index per cell at the cells of the sending NG-RAN node. In this way, the recipient NG-RAN node becomes aware of the RACH performance at the cells of the first NG-RAN node which enables neighbouring NG-RAN nodes to optimize their RACH Configurations and resolve potential conflicts.
Proposal 6: RACH Failure Rate can be sent from gNB-CU to its neighbouring gNB-CUs through the Xn interface.  
By receiving the calculated RACH Failure Rate from different gNB-DUs, a gNB-CU can observe on which cells the RACH Failure rate is the highest. Subsequently, it can limit the PRACH Configurations it sends to gNB-DUs to include the cells for example with the highest RACH Failure Rate, as those are the cells on which RACH Configuration Conflict is likely to happen.
Proposal 7: A gNB-CU can send to its gNB-DUs RACH Failure Rate information calculated by other gNB-DUs. 
Proposal 8: gNB-CU sends to a gNB-DU a limited set of neighbour PRACH Configurations, filtered according to the cells that have for example the highest RACH Failure Rate.  
One additional benefit of sending the RACH Failure Rate to a gNB-DU is that even though a gNB-DU can benefit from receiving NR UE RACH Reports on accesses on its own cells, full RACH Report information on cells of other gNB-DUs is not useful to a receiving gNB-DU especially when there is no active UE context. Sending the RACH Failure Rate is a good compromise between required accuracy in the RACH information and the amount of communicated overhead. 
A gNB-DU receiving RACH Failure Rate information can determine if it is an aggressor to one of its neighbours and can control its parameters accordingly, e.g. to use less aggressive RACH power ramping on its own cells.
RACH Failure rate can be reported separately for NUL and SUL carriers.
Proposal 9: An NG-RAN node may forward the calculated RACH failure rate per SSB Index per cell to its neighbours, e.g. separately per NUL and SUL carriers.
2.3 Retrieval of UE RACH Reports
In this section, we discuss the fourth issue, related to the retrieval of UE RACH Reports. The following two alternatives have been under discussion: 
1.  DU requests the CU to upload UE RACH Report
2. CU autonomously uploads UE RACH Reports from the UE
In our view, Alternative 1 cannot work under all cases since a gNB-DU is not able to capture all possible scenarios under which a RACH failed and therefore cannot determine with certainty whether a RACH Report is available at the UE.  Furthermore, and more importantly, introducing such signaling would break the F1 design principles by making gNB-CU aware of the gNB-DU (MAC) RACH attempts at the gNB-DU. 
On the other hand, Alternative 2 will introduce a lot of signaling if gNB-CU systematically and blindly retrieves UE RACH Reports without further knowledge whether such are available at the UE. We are more inclined towards this Alternative however, since a gNB-CU could further receive RLF Report availability from the UEs which would guide gNB-CU with, partial, information on the availability of a RACH Report at the UE. 
[bookmark: _GoBack]Proposal 10: We support Alternative 2, preferably guided by RRC signaling information received by the UE, to assist a gNB-CU determine when to retrieve UE RACH Reports. 
3	Conclusions
Proposal 1: Both Alternatives 1 and 2 raise questions of non collocated co-channel deployment of NR and LTE cells which would require analysis of RAN1 and RAN4 if pursued in Rel-17.
Observation 1: PRACH assistance information from a gNB-DU to gNB-CU in terms of a flag is inadequate by itself to determine conflicts.  
Proposal 2: We support to define a low number of configurations sent from gNB-CU to gNB-DU, but consider the need of assistance information from gNB-DU to gNB-CU beyond a (binary) flag. 
Proposal 3: RACH failure rate is calculated at gNB-DU, based on NR UE RACH Reports being sent from the gNB-CU to the gNB-DU and based on internal information on successful RACH procedures.
Proposal 4: gNB-DU resolves PRACH configuration conflicts locally. gNB-DU may use RACH Failure Rate information from other gNB-DUs under the same or different gNB-CU.
Proposal 5: RACH Failure Rate is sent from a gNB-DU to its gNB-CU though F1 interface.
Proposal 6: RACH Failure Rate can be sent from gNB-CU to its neighbouring gNB-CUs through the Xn interface.
Proposal 7: A gNB-CU can send to its gNB-DUs RACH Failure Rate information calculated by other gNB-DUs. 
Proposal 8: gNB-CU sends to a gNB-DU a limited set of neighbour PRACH Configurations, filtered according to the cells that have for example the highest RACH Failure Rate.
Proposal 9: An NG-RAN node may forward the calculated RACH failure rate per SSB Index per cell to its neighbours, e.g. separately per NUL and SUL carriers.
Proposal 10: We support Alternative 2, preferably guided by RRC signaling information received by the UE, to assist a gNB-CU determine when to retrieve UE RACH Reports.
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