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Introduction
The PRACH coordination is one of the key objectives in Rel-17 SON/MDT WI. In the view of the fact that LTE and NR in low-band frequency have the same PRACH format and frame structure, the paper [1] proposed to support PRACH Coordination between LTE and NR in Rel-17 SON/MDT WID. During the email discussion in RAN3#110, the majority of companies, see it as beneficial to send an LS to RAN1 requesting feedback on the described scenario and potential solutions for PRACH coordination [2]. One company suggested to take all possible interference and resource overlap cases into account. Finally, the discussion on this issue was moved to TEI17. In this paper, we introduce the requirement and scenario for resource coordination between LTE and NR, and give some proposes.
Discussion
Background and Requirements
Compared to the high frequency TDD spectrums which were deployed in initial 5G deployment phase, the low-band FDD spectrums occupied by LTE have merits in smaller propagation loss, smaller penetration loss, and more uplink ratio. In addition, since the bandwidth of low-band FDD spectrums have extended to 50MHz bandwidth in 3GPP Release 16, to deploy NR system in low-band frequency can rapidly extend coverage without requiring new sites and provide a fantastic capacity for low-capacity region. In view of this situation, operators shift a lot of attention back on the low-band spectrum. According to the prediction in [3], LTE is expected to reach its peak point in terms of subscriber numbers at the end of 2022. For this reason, it is hard to reframing low-band spectrum to NR in global wireless network in near future. Currently there are two alternatives to reframing 4G FDD frequencies:
· Alt1: To upgrade the existing LTE FDD sites to support DSS
· Alt2: To deploy NR FDD sites in some low traffic density areas without intra-frequency LTE FDD deployed
However, the co-channel interference between the LTE cells and the newly-built NR cells is inevitable in both alternatives.
Scenario
Scenario 1: Interference Coordination via X2/Xn
Scenario 1-1: Interference Coordination between DSS sites
To enable a smooth transition between two RATs, the operators prefer to upgrade the existing LTE 2.1GHz sites to support DSS function to deliver both 4G and 5G within the same spectrum. Since LTE and NR Cell share the same time/frequency resource in DSS, the intra-frequency interference exists between LTE cells and their surrounding NR cells. As illustrated in Fig 1, both X2 and Xn connection can be configured simultaneously between DSS sites. In this scenario, it is reasonable to assume one NR cell can acquire the cell level configuration and load information of from its co-located LTE cells. However, since there is no inter-system interference/resource coordination information contained in Neighbour Cell Information IE in current X2/XnAP message, the interference coordination between LTE and NR cannot be supported in the current backhaul framework. 
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Figure 1 5G DSS deployment 
Scenario 1-2: Interference Coordination between LTE cell and NR cell
In this scenario, LTE cells are not upgraded to support DSS and NR sites are newly-built to provide NR continuous coverage. In 4G era, 1.8GHz as the coverage layer was deployed in urban area while 2.1GHz as capacity layer was deployed in the region with high capacity requirements. Currently we have two frequencies, namely 3.5GHz NR TDD and 2.1GHz NR FDD, to deploy 5G network. To steer 4G traffic and provide better experience for hotspot region, 3.5GHz NR TDD sites were usually deployed with 2.1GHz LTE FDD sites. Meanwhile, 2.1GHz NR FDD is most candidate to provide continuous NR coverage in low traffic density areas. At the junction of LTE FDD and NR FDD, as shown in Fig 2, the NR FDD cells suffer severe interference from surrounding LTE cells. In this scenario, the co-located NR TDD site can transfer the resource/interference coordination information of LTE FDD cell to its surrounding NR FDD cell via Xn interface. 

 
Figure 2 Non co-located LTE/NR deployment scenario

Scenario 1-3: interference Coordination between DSS site and its surrounding NR cells
This scenario was mentioned in [3]. Therefore, it is necessary to study resource coordination between LTE cell in upgraded site and newly-built NR site in Rel-17.


Figure 3 interference from DSS cell to newly-built NR gNB 
Scenario 2: Interference Coordination via S1/NG 
Compared to Scenario 1, there is no direct interface between LTE FDD cell and NR FDD cell in this scenario. In our field trial tests, we have observed that the remote interference from LTE FDD, furthest as 4.1 km away with observed record, severely impact the 5G network coverage and capacity. As depicted in Fig4, LTE FDD eNBs are deployed as a dedicated network along the high-speed rail to provide data and voice service for passengers.  As we all know, most of the voice services are currently carried by LTE at present, it is hard to reframing low band spectrum in 4G dedicate network to NR in near future.
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Figure 4 remote interference from LTE FDD to NR FDD
Proposal 1: We kindly ask RAN1 and RAN3 to confirm the scenarios on interference coordination between LTE and NR in Rel-17.
Uplink Resource Coordination 
As the RACH configuration has critical impacts on user experience and overall network performance, the LTE PRACH coordination had been supported in LTE SON WID and NR PRACH coordination will be also supported in Rel-17 SON/MDT WID. In addition, Format type 0/1/2 preamble are typical configuration for both LTE FDD and NR FDD. According to RAN1 related specifications, Format type 0/1/2 preamble in both RATs has same length, SCS, root sequence and PRB bandwidth. In principle, it is need to support PRACH coordination in intra-frequency inter-system as that in intra-system. 
Proposal 2a: It is necessary to support PRACH coordination between LTE and NR in Rel-17. 
In addition, PUSCH coordination between LTE cells has already been supported in LTE ICIC. This type of coordination is realized by restriction and preference for the resource usage in the different cells. This can be achieved by means of the information, such as HII, and OI, contained in X2AP message Load information. If RAN1 confirm the beneficial effect of PUSCH coordination in NR, RAN3 could do further work to support PUSCH coordination.
Proposal 2b: If RAN1 confirm the beneficial effect of PUSCH coordination in NR, RAN3 could do further work to support PUSCH coordination.
Downlink Interference Coordination
CRS interference Cancellation
The co-channel interference, especially CRS interference, is expected to become the dominant limiting factor for achieving higher network capacity. In LTE system, the well-known CRS interference cancellation (CRS-IC) is one of potential CRS interference mitigation techniques that had been widely investigated. The basic procedure for CRS-IC is to reconstruct the CRS signal and cancelled from the received LTE signal. It is noteworthy that almost all the IC algorithms need to estimate the relative timing offset (TO) and carrier frequency offset (CFO) between the interfering cell and serving cell by using PSS/SSS generated in the interfering CRS modelling. Since the PSS/SSS correlation operation is ongoing in LTE UE side, it can easily complete the intra-frequency measurement and time/frequency synchronization for neighbouring cells. However, this assumption cannot hold in NR UE. Furthermore, the UE complexity is increased due to the extra CRS-IC processing, which reduces its battery life. According to the evaluation in [6], CRS-IC is only effective if neighbouring cell is unloaded and applicable in a certain (not necessarily small) fraction of time. That's the reason CRS-IC related technologies defined in 3GPP have not been supported widely in any commercial network.
Here we introduce two existing schemes to mitigate CRS interference which had been applied in commercial network, namely the ZP CSI-RS based IM and Rate matching based IM. The main use case of ZP CSI-RS or Rate Matching is to indicate UE which REs shall be avoided when mapping PDSCH. Without the knowledge of accurate interference information, the network has to configure one or more ZP CSI-RS resource settings to mute all the REs in one symbol which suffers CRS interference. Here we assume LTE cells are synchronized to their surrounding NR cells. Each ZP CSI-RS resource setting contains 12 port ZP CSI-RS to mute all the REs of one symbol, as depicted in Fig 5. Two existing solutions are very simple and straightforward to mitigate CRS interference. Unfortunately, the shortcoming of these solutions are also obvious, that is, the overhead is much large because partial REs which are not suffer CRS interference have to be muted and cannot be used to transmit PDSCH data.
[image: ]
Figure 5 ZP CSI-RS based CRS interference mitigation
On CRS mitigation in LTE/NR co-existence scenario, the previous work mostly concentrated on LTE/NR collocated scenario. In order to support back-compatible and legacy LTE user of accessing shared scenario, a typical RE level rate matching is used to ensure the NR PDSCH protection from the LTE CRS signals transmitted in co-located LTE site. Based on the assistance information on LTE CRS provided by high layer signalling, UE can determine the position of CRS and rate match around these reserved resource. From the perspective of UE, NR PDSCH can also be scheduled on the OFDM symbols with CRS, but on the subcarriers not occupied by CRS, the RE level rate matching technology can be applied. There are two drawbacks for rate matching based technology: one is that PDSCH capacity degradation due to partial REs were muted in transmission; another is that the CRS interference from neighbouring LTE cell still remains inevitable. For the reason of different CRS patterns between serving cells and neighbouring cells, single CRS pattern cannot be used to remove CRS interference completely. 
In Rel-16, two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier was supported. The UE shall indicate overlapRateMatchingEUTRA-CRS-r16 in UE capability report to network. Based on this mechanism, the CRS interference from two neighbouring LTE cells can be mitigated. From the perspective of RAN3, it is need to specify the corresponding signalling procedures between LTE and NR to acquire assistant information for CRS mitigation.
[bookmark: _GoBack]Proposal 3a: From the perspective of RAN3, it is need to specify the corresponding signalling procedures between LTE and NR to acquire assistant information for CRS mitigation.
PDSCH coordination
The feature for PDSCH coordination was already supported in LTE ICIC. The X2AP message Load information is used to exchange the downlink interference information between nodes. In principle, the similar mechanism can be applied in LTE and NR co-existence scenario. In [7], the lab test result on the interference between LTE and NR was evaluated. The Fig 6 and Fig 7 show the downlink throughput of NR UE significantly decreases without any resource coordination and CRS migration.
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Figure 6 interference to NR downlink(interfering cell load=0%)
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Figure 7 interference to NR downlink(interfering cell load=50%)
Proposal 3b: To mitigate PDSCH interference, RAN3 need to define the content of network assistance information and the procedure to transfer assistance information from LTE to NR
Discussion in RAN1 
RAN1 had discussed the resource coordination between LTE and NR for LTE-NR coexistence in overlapping and adjacent spectrum in Rel-15, and achieved the following agreements in RAN1#89: 
· For LTE-NR coexistence in overlapping spectrum,
· Send an LS to RAN3 to specify the Xn interface and enhanced X2 interface messages that enable coordination between LTE and NR, including
· LTE cell on/off configuration with details up to RAN3
· LTE MBSFN subframe configuration
· DL and/or UL carrier center frequency (ARFCN) 
· Carrier bandwidth
· Signaling related to timing synchronization and SFN
· Note: this does not require the network to be synchronized and/or SFN aligned and/or radio frame boundary aligned
· Note: It is up to RAN3 if this requires new procedures in addition to signaling support
· Indication of semi-statically used resources (to avoid collisions with, e.g., CSI-RS, SRS, PRACH, PUCCH, DRS, PSS/SSS, PBCH, …)
· Indication of slots/PRBs not intended for transmissions by the eNB and gNB, respectively
· For LTE-NR coexistence in adjacent spectrum,
· Send an LS to RAN3 to specify the Xn interface and enhanced X2 interface messages that enable coordination between LTE and NR, including
· Signaling related to timing synchronization and SFN
· Note: this does not require the network to be synchronized and/or SFN aligned and/or radio frame boundary aligned
· Note: It is up to RAN3 if this requires new procedures in addition to signaling support
· TDD UL/DL configuration in case of LTE and NR and special subframe configuration in case of LTE
Subsequently, a LS was to RAN3 from RAN1 to specify the Xn interface and enhanced X2 interface messages that enable coordination between LTE and NR [5], including:
· LTE cell on/off configuration with details up to RAN3
· LTE MBSFN subframe configuration
· DL and/or UL carrier centre frequency (ARFCN) 
· Carrier bandwidth
· Signalling related to timing synchronization and SFN
· Note: this does not require the network to be synchronized and/or SFN aligned and/or radio frame boundary aligned
· Note: It is up to RAN3 if this requires new procedures in addition to signalling support
· Indication of semi-statically used resources (to avoid collisions with, e.g., CSI-RS, SRS, PRACH, PUCCH, DRS, PSS/SSS, PBCH, …)
· Indication of slots/PRBs not intended for transmissions by the eNB and gNB, respectively
Since LTE and NR have direct interface in NSA scenario, the LTE-NR coexistence coordination information can be contained in the corresponding procedures. Therefore, RAN3 specified the feature only for the following two scenarios in Rel-15:
· Coordination between eNB and en-gNB
· Coordination between gNB and ng-eNB
According to the requirements and scenarios mentioned above, there is no need to define a new interface between LTE and NR in SA scenario. Therefore, we propose to send a LS to RAN1 to confirm the scenario and requirements LTE-NR coexistence coordination between eNB and gNB in non-co-located scenario.
Proposal 4: There is no need to define a new interface between LTE and NR in SA scenario to cater for the requirements and scenarios for resource coordination between LTE and NR.
Proposal 5: we propose to send a LS to RAN1 to confirm the scenario and requirements LTE-NR coexistence coordination between eNB and gNB in non-co-located scenario.
Proposal
Based on the above analysis, we have the following proposals:
Proposal 1: We kindly ask RAN1 and RAN3 to confirm the scenarios on interference coordination between LTE and NR in Rel-17.
Proposal 2a: It is necessary to support PRACH coordination between LTE and NR in Rel-17. 
Proposal 2b: If RAN1 confirm the beneficial effect of PUSCH coordination in NR, RAN3 could do further work to support PUSCH coordination.
Proposal 3a: From the perspective of RAN3, it is need to specify the corresponding signalling procedures between LTE and NR to acquire assistant information for CRS mitigation.
Proposal 4: There is no need to define a new interface between LTE and NR in SA scenario to cater for the requirements and scenarios for resource coordination between LTE and NR.
Proposal 5: we propose to send a LS to RAN1 to confirm the scenario and requirements LTE-NR coexistence coordination between eNB and gNB in non-co-located scenario.
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