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Introduction
In the RAN1 #87a meeting, NR LTE co-channel coexistence has been discussed with the following agreements [1]. 
Agreements:
· LTE-NR co-existence should support the following UL sharing scenarios:
· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE
· Detailed sharing on the UL is FFS 
· Note: this is not intended to have impact on legacy LTE UEs
· LTE DL on a paired frequency F3
· NR DL transmission on frequency F2 (different than LTE DL frequency)
· NR UE operates in either of the following cases based on a common NR design:
· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 
· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2
· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).
· NR DL and UL frequencies (and/or NR band number) are signaled by RRC
· Non-collocated LTE and NR base stations is FFS
· NR supports the case when an NR UE is not expected to understand or detect LTE signals/channels in the frequency band shared by NR and LTE.
· Detailed conditions are FFS
· Initial access procedure design for NR should be used as a baseline for the case of NR-LTE coexisting
· FFS whether or not additional impact

· Supporting NR DL in MBSFN subframes of LTE
· FFS details

Later, in the RAN1 #88bis meeting, the follow agreement was reached regarding the NR LTE DL co-channel coexistence [2]. 
Agreements:
· NR supports DL transmissions scheduled in LTE DL non-MBSFN subframes
· Mini-slots can be scheduled on OFDM symbols not carrying CRS 
· It is expected that NR scheduling and at least semi-statically reserved resources for forward compatibility can be used to avoid NR transmissions colliding with other LTE signals/channels (e.g., LTE PBCH/PSS/SSS, SIB1, LTE PDCCH region, etc.) 

In this contribution, we focus on design principles that enable NR LTE UL and DL coexistence in the same channel for FDD systems. The intention is to enable efficient resource sharing without introducing too much complexity to the NR design, not negatively impact the NR efficiency, since the need for the coexistence mechanisms will likely diminish over time as legacy services get replaced with the newer services.
Motivation for NR LTE Coexistence
NR deployments are likely to happen across a wide variety of spectrums. In some cases, with the introduction of new frequency bands, there will be Greenfield deployments with no requirements related to co-existence with other technologies nearby. These deployments would have the most flexibility in terms of NR deployment options and should be able to exploit all the benefits NR has to offer such as low latency, ultra-reliability, adaptation to varying DL/UL traffic demand, etc. 
On the other hand, there is also a need to gradually migrate existing LTE spectrum resources to NR as device penetration increases. This would mean that NR deployments could happen in the same band as LTE operation, which necessitates NR design to be flexible enough to co-exist with LTE such that legacy LTE devices are not significantly impacted by the introduction of NR. However, the NR design must not become too complicated in order to allow for coexistence with LTE, since the need for the coexistence mechanisms will likely diminish over time as legacy services get replaced with the newer services.
The two fundamental approaches for sharing DL resources are FDM or TDM-based sharing. Semi-static FDM sharing, where LTE and NR are deployed in different carriers, is preferred since it is simpler from a coexistence point of view, impose fewer restrictions and complexity to the NR design and therefore allow better NR performance in terms of latency and efficiency. Semi-static FDM sharing also provides reasonable flexibility in terms of resource distribution between NR and LTE. Within a single operator, the total available bandwidth can be quantized into smaller carriers. NR and LTE can both have a static (anchor) allocation of a single carrier. The rest of the carriers can be time-shared between NR and LTE based on LTE-only and NR-capable user distribution in a semi-static fashion with fast activation/deactivation of carriers. Bandwidth of the static anchor allocation for LTE can be adjusted based on the distribution of LTE users that can take advantage of carrier aggregation in a given region.
For non-standalone deployments, users that support dual connectivity within the tight LTE-NR interworking framework can utilize the full bandwidth with semi static FDM-based resource sharing.  
Since both NR and LTE have continuous UL and DL resources in time domain, this approach does not impact the timeline and is most favourable in terms of latency performance. It does not require new and constrained NR design and can benefit from all the advantages that NR design has to offer in terms of efficiency. 
In case of semi-static FDM-based resource sharing between NR and LTE, efficient adjacent channel co-existence needs to be enabled. The details and requirements for this case are discussed in [3]. NR and LTE NR co-existence can also be facilitated on the same carrier for FDD and TDD systems based on time domain multiplexing, subject to certain limitations. By allowing a flexible semi-statically configured NR structure that can occupy a configurable subset of the time and frequency resources, co-existence can be achieved. However, due to the TDM nature of resource sharing, both LTE and NR would still experience higher latency compared to standalone deployments. The remainder of this contribution focuses on TDM-based co-channel NR LTE coexistence.
NR LTE DL Co-channel Coexistence
MBSFN Subframe Resource Sharing
For FDD deployments, the last 12 or 13 symbols of the LTE MBSFN subframes (1, 2, 3, 6, 7, and 8) can be utilized by NR as downlink resources. There are different ways to achieve this TDM-based sharing (Figure 1). One option is to maintain alignment between the LTE and NR radio frames and starting NR DL control transmissions after the LTE PDCCH symbols. Another option is to shift the NR radio frame boundary to be 1 or 2 LTE symbols later than the LTE radio frame boundary, depending on the LTE MBSFN configurations, such that NR DL control always appears at the beginning of a NR slot. Note that, it is also possible to shift NR radio frame timing to the right (earlier than LTE radio frame timing) in order to avoid the collision of the NR control region with the LTE MBSFN control region. To avoid interfering with LTE control, NR would need to blank out the last few symbols of the subframe depending on the subcarrier spacing used. This pattern for NR slot duration can be communicated to the UE through system information or dynamically configured through control signalling. 
[image: ] [image: ]
[bookmark: _Ref478113683]Figure 1: NR Slot Structure Options to Avoid Interference with LTE PDCCH Transmissions in MBSFN Subframes

Proposal 1: For MBSFN subframe resource sharing between NR and LTE, NR transmissions can blank out the first few symbols of the corresponding NR slot. Alternatively, NR radio frame boundary can be shifted to avoid the collision of NR control region with LTE MBSFN control region.
In TDD deployments, MBSFN subframes vary by LTE TDD configuration. As an example, TDD config 2 subframes 3, 4, 8 and 9 can be designated as MBSFN. Similar to FDD, NR can use the non-control symbols of these subframes. Utilizing those resources for NR DL transmission may still be desirable to maintain the same direction with potential adjacent LTE-only deployments. 
NR broadcast and sync channel design should also be flexible enough to allow transmission of these signals within the MBSFN subframe resources (e.g., subframes 1,2,3,6,7,8 for FDD). This can potentially be achieved by shifting the NR subframe indexing appropriately such that subframes with NR sync and broadcast channel align with LTE MBSFN subframes.
Slots used by LTE data would not be available for NR transmissions, therefore control channel and HARQ timeline would need to be designed to allow for non-continuous resource availability. This may be achieved through explicit indication of HARQ timing together with the transmission grant.   
MBSFN configuration can only be adjusted semi-statically through RRC configuration, therefore may not be capable of adjusting well to the short-term variations in NR and LTE load. On the other hand, resources allocated to NR that are not utilized due to low load can be used to schedule TM9/TM10 to Rel 10+ LTE UEs. 
NR LTE UL Co-channel Coexistence
NR and LTE NR UL co-existence can be facilitated on the same carrier for FDD and TDD systems subject to certain limitations. When we look at the UL resource usage for LTE:
· PUSCH: Occupies the middle of the band. Scheduler controls the usage of these resources.

· PUCCH: Occupies the edges of the UL band. The amount of frequency resources taken up by PUCCH is RRC configured. Users transmit control signalling not associated with UL data transmission such as HARQ response (based on the HARQ timeline), Scheduling Requests, channel/MIMO feedback (CQI, PMI, RI) in PUCCH.

· PRACH: Time-frequency resources for PRACH are semi-statically allocated within the UL resources. The start of the 6 RB PRACH region is configured by the frequency offset signalled by RRC. The PRACH configuration also specifies the slot position and the periodicity. 

· SRS: SRS is transmitted on the last symbol of a subframe. The bandwidth and the periodicity are configured through RRC. 

In order to prevent any performance impact, LTE PUCCH, SRS and PRACH resources should be reserved for LTE. Allowing NR to operate within the remaining subset of resources can enable co-existence (Figure 2). 
From NR performance point of view, there are also a few key considerations. 
· PUSCH: UL data transmissions grants are sent in DCI. Tight coordination between collocated LTE and NR UL schedulers can ensure resource orthogonalization. For example, only one RAT gets scheduled PUSCH in any given slot. Alternatively, the resource sharing schedule across the two RATs can be configured semi-statically, eliminating the need for tight coordination.

· PUCCH: A very important consideration is NR UL control information. Since not all slots would be available for NR UL usage, one option is to schedule PUCCH transmissions through DCI as well, similar to PUSCH. In this case of non-continuous PUCCH resource availability, there may be several issues:

· NR HARQ timeline and the number of available DL HARQ processes needs to be taken into account when scheduling resources. This may impose additional requirements such as being able to send HARQ response for multiple HARQ processes at the same time, even for FDD systems. There would also be a latency impact on DL operation due to the delayed HARQ responses.
· It would also add latency to UL operation since a UE would need to wait for PUCCH scheduling to send an SR when it has new UL data to send. 

Based on the above discussion, semi-static allocation of some guaranteed NR resources would help overcome some of the issues listed. Since resource allocations for all these physical channels are RRC controlled, NW can control and optimize these semi-static allocations and also notify NR/LTE UEs through RRC signalling. At any point in time, NR UE would know which time/frequency resources are available to NR, so does the LTE UE. Based on the above discussion, for the critical channel such as PUCCH and RACH, the resource partition can be done semi-statically between LTE and NR to allow UL co-channel co-existence 


[bookmark: _Ref478113726]Figure 2: FDD Co-channel LTE and NR: UL Resource Sharing
Similar consideration can be applied to the SRS transmission, both the LTE and NR requirement UL SRS transmission for channel sounding. It is also preferred for NR to transmit the SRS towards the end of the slot. It is desirable to avoid the collide of the LTE and NR SRS transmission on the same time and frequency resources. To do so, NW can configure the SRS with certain transmission periodicity. Since we focus on the collocated LTE/NR deployment, NW can tightly control and schedule the SRS transmission of both LTE and NR to ensure that they do not have to collide in the same symbol. Therefore, the last symbol of LTE subframe can be TDM’ed between LTE and NR SRS transmission based on LTE and NR SRS scheduling. 
Observation: For LTE and NR co-channel UL sharing, existing mechanisms already enable NR coexistent in LTE UL carrier, including semi-static configuration of non-overlapped time/frequency resources to LTE/NR PUCCH, SRS and PRACH 
[bookmark: _GoBack]Last but not the least, from the waveform perspective, LTE UL supports DFT-s-OFDM with 7.5kHz baseband tone shift, while NR UL supports both DFT-s-OFDM and CP-OFDM. Current understanding is that no special DC handling is required for NR. To accommodate NR waveform within the same carrier, with certain frequency alignment consideration, there are a few options currently being discussed in RAN1 [4], 
· Alt 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Alt 2: 7.5 kHz shift at baseband
· Alt 3: NR UL raster with a 7.5 kHz shift to the LTE UL raster
First of all, NR and LTE coexistence should not be a long-term solution for NR deployments. As NR device penetration increases and LTE spectrum gets re-farmed to be used for NR, NR deployments should be gradually isolated from LTE deployments, allowing NR to realize its full performance potential as a new RAT. If the design goal is for the new RAT to coexist with an older RAT, it will limit the performance potential of the new RAT. Subcarrier alignment might bring in the benefit of removing or reducing the LTE and NR guard. However, in LTE deployments, the UL resource utilization is typically very low, hence it is also possible for NR to be TDM scheduled with LTE UE on the UL to minimize the interference between LTE and NR. Furthermore, LTE will support sTTI. Similarly, NR can also support mini-slots, hence the TDM resolution can be further improved. Of course, sTTI and mini-slot is suitable mostly for the UE that is not link budget limited.  On the other side, designing subcarrier alignment between LTE and NR UL has some implication, such as baseband waveform generation or raster design as suggested by Alt2 and Alt3. If ever specified, as the need for LTE and NR coexistence gradually reduces, this part will be obsolete and create extra burden for the device side to support. In general, we prefer no subcarrier alignment for LTE and NR UL coexistence.
Proposal 7: No subcarrier alignment is preferred for LTE and NR UL coexistence 
Conclusions
In this contributions, we focus on the LTE NR co-channel coexistence designs, with the following proposals
Proposal 1: For MBSFN subframe resource sharing between NR and LTE, NR transmissions can blank out the first few symbols of the corresponding NR slot. Alternatively, NR radio frame boundary can be shifted to avoid the collision of NR control region with LTE MBSFN control region.
Observation: For LTE and NR co-channel UL sharing, existing mechanisms already enable NR coexistent in LTE UL carrier, including semi-static configuration of non-overlapped time/frequency resources to LTE/NR PUCCH, SRS and PRACH 
Proposal 2: No subcarrier alignment is preferred for LTE and NR UL coexistence 
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