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1 Introduction

Long Term Evolution (LTE) and New Ratio (NR) co-existence is one of the important topics for NR study considering that NR needs low frequency (e.g., not higher than 6GHz) deployment to serve better coverage and mobility performance. This topic has been discussed among several 3GPP meetings, and the current progress can be found in [1]-[4]. Note that this topic also has relationship with other NR topics such as forward compatibility and frame structure. 
In this contribution, further discussion is provided on LTE and NR co-existence related to normal subframe, MBSFN subframe and LTE SCell on/off based on the previous scenarios and design principles [5]. In addition, other companion contributions related to this topic can be found in [6][7]. 
2 Discussion 
First of all, the following proposal on fundamental assumptions for LTE and NR co-existence is given: 
Proposal 1: RAN1 should adopt the following fundamental assumptions for the LTE and NR co-existence: 

· Both NR systems with slot-based and mini-slot configurations should be supported to co-exist with LTE.
· The co-existence should not introduce additional impacts to the general design for NR PSS/SSS/PBCH.

· The blanking resource reservation for forward compatibility should consider the identified impacts to NR UE-specific control and data channels from NR and LTE co-existence.
Based on the above assumptions, we discuss cases where NR and LTE co-exist in MBSFN and non-MBSFN subframes in section 2.1, and NR co-exists with LTE SCell ON/OFF in section 2.2. For each case, the blanking resource configuration is mainly discussed which could input to the signaling design for the forward compatibility. 

2.1 NR operating in MBSFN and non-MBSFN subframes
· NR operating in LTE MBSFN subframe 

If it is the LTE Rel-10 and beyond dominant phase when NR starts to be deployed co-existing with LTE, MBSFN subframes can be configured at the maximum ratio of 6 out of 10 subframes. In this way, the overhead of LTE CRS can be reduced, e.g., the throughput gain can be shown by scheduling LTE TM9 and NR UEs in MBSFN subframes. Furthermore, in LTE Rel-14, the number of allowable MBSFN subframes on an SCell can be increased to 8 out of 10 subframes, and there could even be no PDCCH region in these MBSFN subframes, e.g., by cross-carrier scheduling for LTE UEs, therefore, the resource efficiency is further improved. 

For NR co-exists with LTE in MBSFN subframes, there were related agreements in previous RAN1 meetings [3][4] as following:
Agreements:
· For LTE and NR coexistence, 
· In NR design, consider support of flexible starting point and duration of scheduled resources as a tool to avoid for example the control region of MBSFN subframes and be able to use resources in the unused MBSFN subframes of an LTE carrier

· Note: those mechanisms may be reused from forward compatibility mechanisms

· FFS: use of mini-slot
· FFS: Dynamically or semi-statically varying starting point and duration
Agreements:
· Supporting NR DL in MBSFN subframes of LTE
· FFS details 
This paper further addresses the details on how to use the MBSFN subframes. For one example on slot-based NR configuration as shown in Figure 1, NR-PDCCH in slot #0 can be configured to start at symbol #2 to avoid the PDCCH region, while NR-PDCCH in slot #1 can be configured to start at symbol #7 to achieve faster DL processing and lower latency. Furthermore, NR-PDCCH can indicate flexible starting symbol and duration for NR-PDSCH, trying to utilize symbol(s) before NR-PDCCH when the CFI value is small. Furthermore, this scheme may be extended to the coexistence of NR and sTTI based LTE. NR-PDCCH monitoring and NR-PDSCH scheduling for mini-slot configuration could be considered to efficiently align with LTE sTTI division patterns that are based on PCFICH. Note that the indication of flexible NR-PDSCH starting symbol by NR-PDCCH is not limited to the MBSFN configuration and the same numerology as LTE.
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Figure 1. Examples for NR and LTE co-existence in the same carrier

Therefore, one of forward compatible blanking resource configurations should reflect the LTE MBSFN subframe configuration that could impact the starting symbol in a MBSFN subframe for monitoring NR-PDCCH and the corresponding NR-PDSCH. Note that the starting symbol configuration for NR-PDCCH could be different for different slots in a MBSFN subframe. Such configuration corresponding to the LTE MBSFN subframes could be indicated to UEs by appropriate signaling, e.g. by RRC. 
Proposal 2: One of the forward compatible blanking resource configurations should correspond to the LTE MBSFN subframe configuration. 

· The starting symbol configuration can be different for different slots in a MBSFN subframe. 

· Such configuration could be done by signaling indication, e.g. RRC. Details can be further discussed in RAN2.
· NR operating in LTE normal subframe 

For the MBSFN based co-existence scenario, if the non-MBSFN subframes can also be used by NR UE, then when the PRB resource in non-MBSFN subframes is not totally used, the resource unoccupied in these subframes could be further allowed for NR transmission to improve the resource usage and user perceived throughput. However, in these non-MBSFN subframes, LTE CRS and PDCCH are still be transmitted. For this scenario, both TDM and FDM are discussed in previous meetings, and following agreements were achieved [3][4]:
Agreements:
· For LTE and NR coexistence, 
· FFS: Allowing NR transmissions while avoiding OFDM symbols carrying CRS on a DL LTE subframe
· Further discussion needed on how to handle sTTI transmissions of LTE

· FFS: Mapping NR signals and channels around the LTE CRS patterns
Conclusion:
· NR should study the case of having DL transmissions in MBSFN and non-MBSFN subframes of LTE

· Including details on transmissions of NR slots/mini-slots, resource reservations, potential unified mechanisms for forward compatibility, handling LTE control region/CRS symbols, RSSI/CSI measurements, sync requirements, etc.
One example on co-existence in non-MBSFN subframes is shown in Figure 2, and the detailed points for mapping around CRS and the impacts related to resource reservation can be found in the companion contribution [7].
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Figure 2. NR resource use when coexisting with LTE (left for TDM, right for FDM)
The most attractive advantage of this mechanism is LTE Rel-8/9 UE and NR UE will not waste any resource of the non-MBSFN subframes.
For the NR co-existing with LTE in non-MBSFN subframes, NR can use the resource not scheduled by LTE with: 1) Mini-slot; 2) Normal slot.
1. For the NR mini-slot scheduling in the non-MBSFN subframes, some design considerations are:
· The mini-slot could start at several predefined locations, e.g. starting at 2nd, 3rd, 6th OFDM symbols;

· The mini-slot length can support 2OS as minimum, and better also support 3OS;

· Since LTE CRS symbol is fixed, the NR configurable symbols on which UE doesn’t assume the existence of mini-slot can reduce the NR UE monitor overhead.
2. For the NR normal slot scheduling in the non-MBSFN subframes, some design considerations are:

· The flexible starting symbol of the slot/subframe to avoid LTE control region designed in MBSFN subframe co-existence can be reused in non-MBSFN subframe co-existence;

· Forward compatibility mechanism e.g. high layer configurable blanking symbols can be reused.
Other issues for NR co-existence with LTE in non-MBSFN subframes:
1. NR transmission avoid interfering LTE PSS/SSS and PBCH transmissions
This is a pure scheduling issue, NR can allocate resource on which no LTE PSS/SSS and PBCH is transmitting.
2. NR PSS/SSS, PBCH and DMRS co-existence in LTE non-MBSFN subframes
This issue can reuse the design in MBSFN subframe co-existence, since configure 1 subframe for MBSFN has minor impact to LTE legacy UE performance, and NR SS block period is foreseen be n*10ms and can work in this mechanism.

Observation 1: In the existing MBSFN based co-existence framework, there’s no extra requirement to NR for the design of initial access and broadcasting.
3. LTE RSSI
RSSI measurement would not be significantly affected since in collocated NR/LTE case the RSSI measured would be similar when LTE or NR is transmitting. Sharing a DL carrier with LTE and NR allows increasing the resource utilization leading to more stable RSSI, compared to the case where only LTE would be operating with low traffic load.
4. LTE CSI measurements

Considering the case in which LTE UEs perform interference estimation on the serving-cell CRS REs, and see the PDSCH from neighbor cells using a different v_shift for the CRS. When NR PDSCH maps only on OFDM symbols without LTE CR, then the LTE UE would not be able to measure the NR PDSCH as interference. A simple implementation to ensure no bias for LTE UE interference estimation could be gNB transmitting energy on the unused REs of the OFDM symbols with LTE CRS. This is similar to how the network ensures proper interference measurements in interference measurement resources for TM10. And further this issue will totally disappear if NR DL maps NR PDSCH around the CRS REs. 

Observation 2: considering the NR transmission in non-MBSFN subframe, the potential interference measurement impact can be avoided by implementation.
5. NR UE obtain and maintain synchronization
Although it is not agreed how NR UE obtain and maintain synchronization (e.g. radio link monitor) in general NR design. We don’t think there is problem in the DL co-existence scenario, one possible solution could be relying on SS block and/or any other companying signals which could be inserted together in the 1 (or more) MBSFN subframe.
Proposal 3: NR should support DL co-existing with LTE in non-MBSFN subframes. 

· The forward compatible blanking resource configuration should allow NR UE-specific control and data channels to avoid from mapping to symbols or resource elements of LTE CRS and PDCCH region. 
2.2 NR co-existing with LTE SCell ON/OFF
Besides the general cases for LTE and NR co-existing in MBSFN and non-MBSFN subframes, it should be considered that NR can efficiently co-exist with LTE on a cell where Rel-12 LTE ON/OFF operation is supported based on LTE SCell (de)activation mechanism. Moreover, it is straightforward for NR to also support cell/subband (de)activation mechanism, and the time scale for switching between activation and deactivation states should be at least in MAC CE level or even physical layer level, considering the following previous agreement. The following discussion focuses on the co-existing cell as an SCell for both LTE and NR, but the similar conclusion can be made for NR PCell co-existing with LTE SCell that supports ON/OFF operation. 
Agreements:
· For LTE and NR coexistence, 
· NR design supports adapting the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes
· FFS: Detailed design
Then, NR cell (de)activation should co-exist efficiently with LTE cell (de)activation and LTE cell ON/OFF. For example as shown in Figure 3(a), LTE and NR have their own PCell respectively, and an SCell is shared by LTE and NR based on cell (de)activation and ON/OFF operation. Specifically, if there is no load for a NR UE, its SCell can be deactivated. On the contrary, if load for the NR UE increases, the SCell can be activated for the NR UE. Furthermore, for the NR activated SCell, the NR UE should further identify the blanking/unavailable resource configuration that corresponds to the (de)activation or ON/OFF state of the SCell for LTE UEs. To match the time scale of LTE cell (de)activation, NR UE should be aware of the NR resource configuration, e.g. being informed via MAC CE or DCI. MAC CE may be preferred which keeps unified DCI design for NR regardless of co-existence, or the NR group common DCI can be used to reduce overhead for UE-specific NR-PDCCHs. The candidate blanking resource configurations can be informed by RRC signalling, and these configurations should consider potential transmission of LTE signals and channels for LTE ON/OFF respectively, e.g., DL LTE DRS only transmission for LTE OFF or UL LTE SRS transmission, etc. For example, if LTE SCell is ON, one valid blanking resource configuration can indicate NR-PDCCH to start from symbol #2, e.g. to avoid collision with LTE PDCCH region in a MBSFN subframe, and NR-PUSCH can occupy until the second last symbol in a UL subframe with LTE SRS configuration. Otherwise, if LTE SCell is OFF, another valid blanking resource configuration can indicate NR-PDCCH to start from symbol #0 in each DL subframe and NR-PUSCH can occupy until the last symbol in each UL subframe. 
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(a) NR multi-carrier operation                                      (b) NR single-carrier operation
Figure 3. FDM for NR and LTE co-existence by cell (de)activation mechanism

In addition, the above MAC CE based (de)activation mechanism can be operated within a single large NR carrier that is larger than 20 MHz, e.g., 40 or 80 MHz, within which there can be one or multiple LTE carriers. For example as shown in Figure 3(b), an LTE SCell can co-exist within a 40MHz NR carrier, and the usable bandwidth/subband(s) can be adapted according to the (de)activation and ON/OFF states of the LTE carrier. The single NR carrier in Figure 3(b) could be more efficient than the multi-carrier NR operation in Figure 3(a), but the fallback scheduling during the transition time for the usable NR bandwidth/subband(s) adaptation should be considered to resist the potentially inconsistent understanding for the usable NR bandwidth/subband(s) between the gNB and the NR UE. 
Proposal 4: NR should support efficient co-existence with LTE cell-(de)activation-based ON/OFF feature.

· The blanking resource configuration of NR for LTE Scell On state can be different from that of NR for LTE Scell Off state. 
· The blanking resource configuration(s) can be informed by RRC, and NR UE should be aware of which configuration to use at least as fast as that of LTE SCell (de)activation, i.e., by MAC CE or group common NR-PDCCH. 
2.3 Scenario for LTE and NR non-collocated cases

There are 2 typical cases for LTE and NR non-collocated scenario, one example is the case 1 in Figure 1 where the NR reframing is step by step in geography area, and NR will meet LTE at the area border. Usually in traditional way, there are several kilometers’ “buffer zone” between two co-channel deployed sizes with different generation RATs which leads low resource usage. NR should support efficient coexistence mechanism with LTE, with higher resource usage.

Another case is NR could be deployed as hot-spot which located in LTE coverage, as shown in Case 2 of Figure 1. 
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Figure 1. LTE-NR non-collocated cases
Observation: the non-collocated case should be considered for co-existence.
In order to enable the efficient coexistence of LTE and NR in above cases, the potential inter-RAT interference should be handled. Considering it is difficult to modify LTE air interface when legacy UE exists, the dynamic resource sharing or coordination is not desired. The semi-static coordination mechanism could be:

· Spectrum resource partition coordination between LTE and NR sites.

· Power adjustment coordination between LTE and NR sites.

Proposal 5: Semi-static coordination mechanisms coordinating PRB resource, power adjustments etc. which not change LTE air interface should be considered for LTE-NR non-collocated coexistence.
In TDD case, the non-collocated coexistence of LTE and NR has other specific considerations. 

1) First of all, since TDD works in time division manner for UL/DL, the LTE and NR sites should be strictly time synchronized, and the subframe border of LTE and NR sites should be aligned, otherwise the potential cross-link interference will seriously degrade the coexistence performance.

2) Secondly, the UL/DL configuration of LTE-TDD and its modification should be informed to NR site, to handle/avoid the potential cross-link interference.

Similar consideration as in [2], when the LTE-TDD UL/DL configuration is aware by NR gNB, not only the UL/DL transmission decision for NR needs to be adjusted, but also the transmission in NR subframe which meets LTE-TDD special subframe should be considered to make sufficient use of resource but not cause cross-link interference issue.
Proposal 6: For NR coexistence with LTE-TDD in non-collocated manner, further synchronization requirement and further information exchange e.g. LTE UL/DL configuration should be supported.

3 Conclusion

In this contribution, further discussion is provided on LTE and NR co-existence related to normal subframe, MBSFN subframe and LTE SCell on/off based on the previous scenarios and design principles. Finally, the proposals are summarized as following: 

Proposal 1: RAN1 should adopt the following fundamental assumptions for the LTE and NR co-existence: 

· Both NR systems with slot-based and mini-slot configurations should be supported to co-exist with LTE.
· The co-existence should not introduce additional impacts to the general design for NR PSS/SSS/PBCH.

· The blanking resource reservation for forward compatibility should consider the identified impacts to NR UE-specific control and data channels from NR and LTE co-existence.
Proposal 2: One of the forward compatible blanking resource configurations should correspond to the LTE MBSFN subframe configuration. 

· The starting symbol configuration can be different for different slots in a MBSFN subframe. 

· Such configuration could be done by RRC. 
Proposal 3: NR should support DL co-existing with LTE in non-MBSFN subframes. 

· The forward compatible blanking resource configuration should allow NR UE-specific control and data channels to avoid from mapping to symbols or resource elements of LTE CRS and PDCCH region. 
Proposal 4: NR should support efficient co-existence with LTE cell-(de)activation-based ON/OFF feature.
· The blanking resource configuration of NR for LTE Scell On state can be different from that of NR for LTE Scell Off state. 

· The blanking resource configuration(s) can be informed by RRC, and NR UE should be aware of which configuration to use at least as fast as that of LTE SCell (de)activation, i.e., by MAC CE or group common NR-PDCCH. 
Proposal 5: Semi-static coordination mechanisms coordinating PRB resource, power adjustments etc. which not change LTE air interface should be considered for LTE-NR non-collocated coexistence.
Proposal 6: For NR coexistence with LTE-TDD in non-collocated manner, further synchronization requirement and further information exchange e.g. LTE UL/DL configuration should be supported.
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