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Introduction

PRACH Coordination between LTE and NR [1][2] has been discussed in last meeting with no agreement achieved. This contribution provides our consideration on this left issue.
Discussion
 Background
In NR network deployment, in addition to using new introduced spectrum in NR, operators can also use the stock spectrum through spectrum re-farming, make full use of spectrum resources, save network investment, and accelerate network deployment.

Traditional frequency re-farming is carried out by static segmentation. Part of the frequency is segmented from the original network operating spectrum, and NR is deployed on this part of the spectrum. If the number of NR UES is quite limited than LTE UEs, the frequency resource used by NR actually wasted, and the original LTE network also has degraded performance for limited frequency resource. In addition, because the frequency resources are statically divided, the resources used by the existing LTE users in the network are reduced, and the service experience is degraded.

Therefore, in order to efficiently utilize valuable spectrum resources and realize a smooth evolution from LTE to NR, it is particularly important to realize dynamic spectrum sharing function (DSS) between LTE and NR. The RAN node supporting DSS function supports both NR and LTE access on the same frequency. The ratio of the resources used by NR and LTE can be dynamically adjusted. This technology can adjust the spectrum resources required by LTE and NR on demand, further improving the overall spectrum utilization.

Discussions related to this issue in the history of 3GPP have been involved since the beginning of NR design. For related discussions, please refer to the following table.

	2016/03 SI RAN #71 
	NR SID RP-160671：Study on New Radio Access Technology (Tight interworking between the new RAT and LTE)

	Mar-17 RAN #75
	WID RP-170847 NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4]

	RAN4 #82bis
	NR-LTE coexistence Band Combination

	RAN1 NR AH#2
	UE self-interference

	RAN3#96
	R3-171564 X2/Xn Interface Development for LTE-NR Tight Integration (AT&T, Verizon, KT, SK Telecom, Samsung, T-Mobile USA, Altiostar)

	RAN1_AH#3
	TDM and FDM for UE self-interference

	2017/09 WI RAN #77 
	WID RP-172108 Aiming December 2017 completion，Strive for specifying support for LTE/NR UL sharing from UE perspective in Rel-15 by June 2018


Observation 1: The dynamic spectrum sharing function further improves the overall spectrum utilization in the smooth evolution from LTE to NR. This function has actually been deployed in the network.
Co-channel interference issue for Dynamic Spectrum Sharing function in SA architecture
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Figure 1：Co-channel interference issue for DSS
As shown in Figure 1, Node 1 was originally be an LTE eNB and has been upgraded to a gNB that supports both LTE and NR. Node 2 is a newly built NR gNB on the same frequency. Node 3 is an LTE eNB that has not been upgraded on this frequency. For Node 1, the same Node supports both NR and LTE access on the same frequency. At the same time, a large number of LTE eNB running on the same frequency are deployed in the network. Therefore, the problem of co-channel interference needs to be considered. As shown in Figure 1, the NR part of Node 1 and the LTE of Node 3 will cause co-frequency interference. There will be interference between the LTE part of Node 1 and the NR of Node 2. The NR of Node2 and Node3 also produce interference.

Co-channel interference problems include interference cancellation of uplink and downlink channels. In the downlink, it is necessary to consider the interference cancellation of the inter system of PDSCH, PBCH, SSS and other channels. In the uplink, it is necessary to consider the interference cancellation of the inter system of PRACH, PUSCH, PUCCH, SRS and other channels.

The PRACH configuration can be exchanged between the NR and LTE systems, and the uplink PRACH resources can be dynamically adjusted according to the exchanged information. This method is proven to effectively avoid or reduce the interference of LTE and NR on the uplink PRACH. However, since there is no direct interface between the NR and LTE systems, this information cannot be transmitted directly.

The topics related to RACH optimization are discussed in the RAN3 SI Study on RAN-centric data collection and utilization for LTE and NR project. However, this SI mainly focuses on the RACH conflict problem of NR intra system, and does not cover the scenario of inter system RACH optimization. Therefore, it is recommended to exchange PRACH parameters to solve the interference problem caused by LTE and NR on the uplink PRACH.

Observation 2: PRACH configuration can be exchanged between the NR and LTE systems to alleviate uplink co-channel interference of LTE and NR. 

 Solutions for PRACH Coordination between LTE and NR
The general description for candidate solution for PRACH coordination is list in the table below:
	
	Description
	Interface impact

	Node 1 < > Node 2
	Since node 1 has both NR node and LTE node，LTE PRACH configuration can be transfer from Node 1 to Node 2 via XNAP
	Introduce LTE PRACH configuration in XnAP.

	Node 1 < > Node 3
	Since node 1 has both NR node and LTE node，NR PRACH configuration can be transfer from Node 1 to Node 2 via X2AP
	Introduce NR PRACH configuration in X2AP.

	Node 2 < > Node 3
	Since there is no direct interface between node 2 and node 3，the PRACH configuration can be transfer from Node 1 to node 2 and vice verse via inter system message.

	Inter system message carry NR and /or LTE PRACH configuration between Nodes.

Impact NGAP and S1AP.


Proposal 1: RAN3 to consider the issue and provide solutions to mitigate interference due to co-channel NR-LTE deployment in Rel-17.
3. Conclusion

In this contribution , the observation and proposals are:

Observation 1: The dynamic spectrum sharing function further improves the overall spectrum utilization in the smooth evolution from LTE to NR. This function has actually been deployed in the network.

Observation 2: PRACH configuration can be exchanged between the NR and LTE systems to alleviate uplink co-channel interference of LTE and NR.
Proposal 1: RAN3 to consider the issue and provide solutions to mitigate interference due to co-channel NR-LTE deployment in Rel-17.
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