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Introduction
In RAN#77 it is endorsed in the way forward [1] that LTE-NR uplink sharing from network perspective will be specified till Dec.2017. In addition at RAN1#90 meeting RAN1 reached following agreement:
Agreements:
· 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
RAN3 is asked to develop X2/Xn signaling to enable such coordination. In this paper we list following 4 cases for discussion: 
1, Cell on and off
2, Overlapping spectrum, uplink
3, Overlapping spectrum, downlink
4, Adjacent spectrum
1 Discussion
Because the shared spectrum is typically being used by operator in the field of LTE system, that’s why the impact on operating LTE system should be minimum as much as possible. 

According to endorsed way forward in RAN#77, RAN3 need define a X2/Xn signalling for the uplink sharing from network perspective. That means the pattern itself should be common for all UE i.e. this is a cell specific coordination pattern and should be configured in semi-statistic way. And this should be applied to all 4 cases listed in introduction section.
Proposal1: the defined coordinated signaling should be a cell specific pattern for all following 4 cases:
1, Cell on and off
2, Overlapping spectrum, uplink
3, Overlapping spectrum, downlink
4, Adjacent spectrum
In the rest of paper the 4 cases are discussed one by one:
1.1 Cell on and off
When one LTE cell is off, the whole cell including downlink carrier or downlink&uplink carrier can be reused by NR system. And when one LTE cell is off, there is no LTE signal is transmitted over radio except for DRS signal. In order not to interference with those common channel/reference signals from LTE, LTE need transfer the configuration of these transmitting channel/reference signals to gNB. 
One note in the LS says “Note: this does not require the network to be synchronized and/or SFN aligned and/or radio frame boundary aligned” i.e. synchronization between eNB and gNB is not required. But at least timing difference between eNB and gNB should be exchanged to let gNB understand eNB’s DRS configuration which is described based on eNB’s timing. When one cell is off DRS configuration could be optional included within the message from eNB to gNB due to the fact DRS configuration is quite stable. 
Proposal2: when one LTE cell is off, one notification message is transferred from eNB to gNB with optional DRS configuration of that cell 
Proposal3: when one LTE cell is on, one notification message is transferred from eNB to gNB to claim the resource back
1.2 Overlapping spectrum uplink
In order not to impact existing downlink and uplink transmission, the common channel in uplink including SRS, PUCCH and PRACH channel should be reserved for eNB side. But that doesn’t mean these configurations have to be signalled from eNB to gNB. PUCCH format1x (1,1a,1b) , format2x (2,2a,2b), format 3/5 are always allocated in the two sides of the carrier bandwidth. And PUCCH format4 could be configured within bandwidth very flexible. PRACH channel’s location is flexible and must be reserved by LTE system. If the carrier bandwidth of LTE cell is big enough e.g. 20MHz, then it will not be difficult to avoid overlapping with the resource reserved for NR system. However if the carrier bandwidth is quite small e.g. 1.4MHz, then it seems difficult to avoid overlapping. SRS covers whole bandwidth typically. That’s why SRS configuration should be always signalled from eNB to gNB. 

Proposal4: the frequency/time resource configuration of PUCCH, PRACH is optionally signalled from eNB to gNB. Those radio resources are reserved for LTE system

Proposal4a: SRS configuration is always signalled from eNB to gNB and reserved for LTE system
The radio resource of one LTE cell which could be shared by gNB is actually radio resource occupied by PUSCH channel. And shared radio resource supposes to accommodate all uplink channels in NR system i.e. NR-PUSCH, NR-PUCCH,NR-PRACH and NR-SRS both in time and frequency domain.
In LTE system the minimum PUSCH resource granularity is one PRB in 1ms. On the other hand in NR system the granularity of NR-PUSCH is quite flexible. But NR-PRACH and NR-PUCCH has some limitation. There are several NR-PRACH formats. The table in Annex shows their resource granularity for one preamble transmission. The maximum bandwidth is 5MHz. Format1 and format3 occupy 3 and 3.5ms in the time domain. Note synchronization between eNB and gNB is not required which means most likely one subframe of LTE cell will cover two subframes of NR cell. Although NR system is very flexible in time domain in terms of scheduling granularity, fragment resource in time domain will degrade NR’s performance. On the other hand in LTE side uplink transmission follows synchronized HARQ timing. And the resource reserved for one HARQ process is not contiguous in time domain. Unless resource for consecutive HARQ processes is reserved, only 1 subframe in time domain will be available in one time. While sharing resource in consecutive subframes will introduce extra delay for LTE system. By considering all these limitation, to share resource in time domain in LTE system’s uplink is not an efficient way.
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Observation: To reserve resource in time domain in LTE system’s uplink is not an efficient way
The minimum bandwidth of NR-PRACH is 1.25MHz including guard bandwidth. Within 1.25MHz long format NR-PUCCH can also be configured according to current RAN1’s agreement. When more bandwidth is demanded for other NR-PRACH formats, then multiple of 1.25MHz can be taken as granularity in frequency domain. The radio resource shared for NR system should be able accommodate at least PRACH channel.
Proposal5: FDM solution should be used to share resource by NR system for overlapping spectrum, uplink case
Proposal5a: The resource granularity in frequency domain is 1.25 MHz 
The frequency band to be shared is defined within updated NR WID [RP-171485], they are
	Frequency ranges for uplink sharing

	1710-1785MHz (UL)/3.3-4.2 GHz (DL&UL) NOTE1

	832-862MHz (UL)/3.3-4.2 GHz (DL&UL) NOTE1

	880-915MHz (UL)/3.3-4.2 GHz (DL&UL) NOTE1

	703-748MHz (UL)/3.3-4.2 GHz (DL&UL) NOTE1


This table shows that those frequency bands are FDD bands. The reserved PRBs for PUCCH with format 1/1a/1b , 2/2a/2b,3,5 will allocate in the both sides within one carrier. PUCCH format4 is quite flexible in frequency and time domain. The frequency location of PRACH could be also configured by network. One simple way is to reserve some PRBs in the middle of the carrier. The bandwidth could be expressed by two parameters i.e. starting number of 1.25MHz and the consecutive number of 1.25MHz. Because the maximum bandwidth of LTE carrier is 20MHz, so totally 1 BYTE is sufficient for these two parameters.
Proposal 6 the shared resource in frequency domain can be defined by two parameters: starting number of 1.25MHz and consecutive number of 1.25MHz (Note)
Note: the lowest number is 0 and refers to the lowest frequency spectrum
Put all these proposal1~5 together, here is the whole picture. The eNB will signal following information to gNB:
1,  EARFCN and carrier bandwidth. This is the whole set of radio resource to be shared between one LTE cell and one NR cell
2,  Configuration of PUCCH(optional), PRACH (optional) and SRS in eNB which will be reserved for LTE system
3,  Radio resource in frequency domain which will be shared by NR system
Here is one example for better illustration:
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Figure 1
In Figure 1 the whole carrier bandwidth is 5MHz. There are totally 4*1.25MHz and the #2 1.25MHz is reserved for NR system. In this example the PUCCH and PRACH configuration is not signalled from eNB to gNB because they are not overlapped with shared resource. But the SRS configuration will be included. And the overlapping symbol between SRS and the reserved radio resource by NR (yellow part) will be not used by gNB. All the rest radio resource not mentioned above (white part) is reserved for LTE system.
1.3 Overlapping spectrum downlink
Shared resource in frequency domain of LTE system supposes to accommodate downlink common channel i.e. PSS/SSS/PBCH, RMSI, NR-PDCCH and other system information. Among those channels NR-PDCCH and scheduling of other system information is quite flexible in frequency domain. But PSS/SSS/PBCH and RMSI will occupy up to 5MHz. That means at least one radio resource with one 5MHz bandwidth should be reserved in LTE system. Considering maximum LTE bandwidth is 20MHz, FDM solution is not fine enough.
Observation: FDM solution is not suitable for overlapping spectrum, downlink case. 
It is agreed in RAN#77 in [2] that:
DL NR-LTE coexistence (only from network perspective) based on 15kHz numerology for control/data

That means if the resource shared by NR system will be the same numerology as LTE system i.e. SCS=15KHz and the subframe in both LTE and NR system is 1ms. Because in LTE’s downlink  HARQ timing follow asynchronous mode that’s why it is possible to share consecutive subframes in time domain and thus NR system’s performance will not be impacted by the shared pattern in time domain with 1ms granularity.
Proposal7: TDM only solution is used for overlapping spectrum downlink case
Proposal7a: the resource granularity in time domain is 1ms 

RAN1 agreed that both MBSFN and non-MBSFN subframes can be shared by NR system. Considering all the subframes except for #0 and #5 subframes of LTE FDD carrier can be set as MBSFN subframe, the shared subframe can be always set as MBSFN except for #0 and #5 subframe when it is decided that these subframes will be shared by NR system. Thus actually nothing more need be done for non-MBSFN subframes. In this way there are totally 8 subframes could be set as MBSFN subframe. A bit map containing MBSFN subframes in 4 consecutive radio frames or 1 radio frame could be used to indicate which MBSFN subframes are shared by NR system.
Note the beginning few control symbols are still reserved by LTE system which could be indicated simply by one parameter.
Proposal8: a 32bits or 8 bit bitmap containing shared MBSFN subframe within 4 consecutive subframes or 1 radio frame could be used as TDM pattern to share resource with NR system
Proposal8a: another parameter to indicate control symbols is also needed and control symbols will be reserved for LTE system
Proposal8b: #0 and #5 subframe are reserved for LTE system regardless which TDM pattern is decided
1.4 Adjacent spectrum
For LTE-NR coexistence in an adjacent spectrum, cross-link interference may impact LTE performance. Earlier RAN1 agreement was to ensure efficient coexistence with TDD configurations 0,1,2,3,4 and 5 as well as all special subframe configurations. Therefore, eNB can send the TDD UL/DL configuration and special subframe configuration to gNB, and then gNB can adjust UL/DL slot format to align with eNB. 
Proposal 9: TDD UL/DL configuration and special subframe configuration of eNB should be informed to gNB
Conclusion and proposals
Proposal1: the defined coordinated signaling should be a cell specific pattern for all following 4 cases:
1, Cell on and off
2, Overlapping spectrum, uplink
3, Overlapping spectrum, downlink
4, Adjacent spectrum
1, Cell on and off
Proposal2: when one LTE cell is off, one notification message is transferred from eNB to gNB with optional DRS configuration of that cell 
Proposal3: when one LTE cell is on, one notification message is transferred from eNB to gNB to claim the resource back
2, Overlapping spectrum, uplink
Proposal4: the frequency/time resource configuration of PUCCH, PRACH is optionally signalled from eNB to gNB. Those radio resources are reserved for LTE system 
Proposal4a: SRS configuration is always signalled from eNB to gNB and reserved for LTE system
Proposal5: FDM solution should be used to share resource by NR system for overlapping spectrum, uplink case
Proposal5a: The resource granularity in frequency domain is 1.25 MHz 
Proposal 6 the shared resource in frequency domain can be defined by two parameters: starting number of 1.25MHz and consecutive number of 1.25MHz (Note)

3, Overlapping spectrum, downlink
Proposal7: TDM only solution is used for overlapping spectrum downlink case
Proposal7a: the resource granularity in time domain is 1ms 

Proposal8: a 32bits or 8 bit bitmap containing shared MBSFN subframe within 4 consecutive subframes or 1 radio frame could be used as TDM pattern to share resource with NR system
Proposal8a: another parameter to indicate control symbols is also needed and control symbols will be reserved for LTE system
Proposal8b: #0 and #5 subframe are reserved for LTE system regardless which TDM pattern is decided
4, Adjacent spectrum
Proposal 9: TDD UL/DL configuration and special subframe configuration of eNB should be informed to gNB
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Annex 
	NR PRACH Format 
	Bandwidth (Mhz) 
	Length (T_CP+T_SEQ+T_GP) ms

	0
	1.25
	1

	1
	1.25
	3

	2
	5
	1

	3
	1.25
	3.5

	A0(SCS=15K)
	2.5
	0.07

	A1(SCS=15K)
	2.5
	0.14

	A2(SCS=15K)
	2.5
	0.29

	A3(SCS=15K)
	2.5
	0.43

	B1(SCS=15K)
	2.5
	0.14

	B2(SCS=15K)
	2.5
	0.29

	B3(SCS=15K)
	2.5
	0.43

	B4(SCS=15K)
	2.5
	0.86

	C0(SCS=15K)
	2.5
	0.14

	C2(SCS=15K)
	2.5
	0.43

	A0(SCS=30K)
	5
	0.04

	A1(SCS=30K)
	5
	0.07

	A2(SCS=30K)
	5
	0.14

	A3(SCS=30K)
	5
	0.21

	B1(SCS=30K)
	5
	0.07

	B2(SCS=30K)
	5
	0.14

	B3(SCS=30K)
	5
	0.21

	B4(SCS=30K)
	5
	0.43

	C0(SCS=30K)
	5
	0.07

	C2(SCS=30K)
	5
	0.21
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