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1 Introduction

This contribution discusses remaining issues from the following agreements for LTE-NR coexistence.
2 Discussions 
Configuration method for UL subcarrier grid alignment between LTE and NR
It was agreed to support configuration of UL subcarrier grid alignment between LTE and NR in case of LTE/NR co-existence with LTE FDD: 
Agreements: (RAN1 NR AH#2 [4])
· In NR, support configuration between the following for paired spectrum (support of scheme 2 below is conditioned on the assumption that 100kHz is adopted as a supported UL channel raster in NR to support LTE/NR co-existence with LTE FDD)
· Scheme 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL

· Scheme 2: allow subcarrier alignment between NR UL (15 kHz) and LTE UL, where NR UL raster is with a 7.5 kHz shift to the LTE UL raster.
Then, in RAN4, it was also agreed to use 100kHz channel raster for LTE re-farming bands up to 2.4GHz as follows.

Agreements: (RAN4 #84 [5])
· Channel raster for LTE re-farming bands up to 2.4GHz (frequency range below Band 41) is based on 100kHz(same as LTE)
· FFS: Potential optimization for of the placement of secondary carrier including RB-alignment between primary and secondary carrier
According to the above two agreements, the configuration should be informed to a UE before the UE performs the first uplink transmission, i.e., initial RACH transmission. Thus, it should be configured by RMSI. 
Proposal 1: Configuration of UL subcarrier grid alignment between LTE and NR is broadcasted in RMSI. 
Activation/deactivation for supplementary UL 


It was agreed to specify mechanisms for supporting supplementary UL:

Agreements: (RAN1#89 [3])
· Specify mechanisms for supporting supplementary Uplink frequency 

· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective

· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 

· Note: The SUL frequency can be a frequency shared with LTE UL(at least for the case when NR spectrum is below 6 Ghz).

· Minimize impact to NR physical layer design to enable this co-existence

· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion
Also, the following agreement was made regarding supplementary UL:

Agreement: (RAN1 NR#3 [6])
· Working Assumption that, an UL carrier can use a subcarrier spacing smaller than the subcarrier spacing of the associated DL carrier, in the following cases:

· The carriers are in different PUCCH groups, or

· The UL carrier is operating in a SUL band combination as defined in RAN4 specifications

· Can be revisited if technical problems (e.g. with scheduling and CSI feedback) are identified and cannot be resolved by RAN1#91. 

· Minimizing specification impact should be the primary consideration in finalizing the solution, unless major performance differences exist. 

· An UL carrier can carry UCI for the DL carrier that it supplements

· An UL carrier is scheduled from the DL carrier that it supplements

Agreement: (RAN1 #90b [7]
· UE specific RRC signalling (re-)configures the location of the PUCCH, either on the SUL carrier or on a non-SUL UL carrier in a SUL band combination

· The default location of the PUSCH is the same carrier as used by PUCCH 

· UE specific RRC signalling may (de-)configure that PUSCH may be dynamically scheduled on the other (i.e. non-PUCCH) carrier in the same cell as the SUL 

· In this case, a carrier indicator field in the UL grant is used to indicate dynamically whether the PUSCH is transmitted on the PUCCH carrier or on the other carrier 

· Note: Simultaneous PUSCH transmission on the SUL carrier and non-SUL UL carrier is not supported according to existing RAN2 agreement

· FFS in DCI discussion whether the SUL CIF is always present 

· There is one active BWP on the SUL carrier and one active BWP on the non-SUL UL carrier

· SRS related RRC parameters are independently configured for SRS on the SUL carrier and SRS on the non-SUL UL carrier in the SUL band combination

· SRS can be configured on the SUL carrier and non-SUL UL carrier, irrespective of the carrier configuration for PUSCH and PUCCH

In NR, initial random access triggered by a UE is performed only on PCell. According to RAN2 agreement that when an SUL is configured there are 2 ULs configured for one DL of the same cell, it is natural consequence that the SUL belongs to PCell for the UE if initial random access is completed via the SUL. Considering activation/deactivation bit for PCell does not exist in LTE MAC CE, activation/deactivation bit for the SUL belonging to PCell may not be necessary as in LTE. Alternatively, activation/deactivation bit for the SUL can be included in activation/deactivation signaling (e.g. MAC CE or DCI signaling) in order to activate/deactivate the SUL taking into account a utilization of the SUL. It may be beneficial to avoid periodic UL transmission when the SUL is not utilized for the UE for the time being as the UE has good UL coverage in the NR UL carrier. On the other hand, in case NR DL and UL carrier that an SUL supplements is a SCell, activation/deactivation bit for the SUL may be necessary in order to start UL transmission on the SUL after the SUL configuration is completed for a UE. In this case, activation/deactivation bit for the SUL can be placed next to bit field for the NR DL and UL carrier considering a SCell index for NR DL and UL carrier, and/or possibly a CIF value for the SUL. Alternatively, it is possible for the SUL to follow activation/deactivation status for NR DL and UL carrier.
Proposal 2: Activation/deactivation for a SUL carrier is supported by activation/deactivation signaling.

Necessary NR spec. impacts to utilize LTE subframes
It was agreed that NR DL is supported even in non-MBSFN subframes as well as MBSFN subframes of LTE:

Agreements: (RAN1 NR AH#1 [1])
· Supporting NR DL in MBSFN subframes of LTE

· FFS details

Agreements: (RAN1#88b [2])
· 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.) 

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.) According to the agreement, NR transmission is allowed on OFDM symbols not carrying LTE channels/signals in both non-MBSFN subframes and MBSFN subframes. On the other hand, LTE channels/signals such as CRS/PBCH/PSS/SSS, SIB1, PDCCH region and paging need to be still protected for LTE UEs. Also, it is beneficial to avoid unnecessary NR UE operations such as NR PDCCH monitoring and channel measurements on OFDM symbols occupied by LTE channels/signals. In this regard, the OFDM symbols for LTE channels/signals can be configured as reserved resources by RRC signaling which implies the RRC signaling for reserved resources should have a granularity of one OFDM symbol.

In terms of NR PDSCH/PUSCH reception/transmission, a transmission duration consisting of 1 or more OFDM symbols can be considered in order to avoid an impact on NR operation by LTE channels/signals. For example, NR data transmission over 1 OFDM symbol can be configured for NR UEs. On the other hand, data transmission in a slot consisting of 14 OFDM symbols or in multiple slots may involve more complicated but more efficient operations (e.g. support  larger TBS, less RS/control overhead, etc.) than 1 OFDM symbol based data transmission. For example, NR channels/signals can be time domain multiplexed with OFDM symbols carrying LTE channels/signals at the OFDM symbol level. In this case, reserved resources configured to protect LTE channels/signals may overlap with NR channels/signals and then, the NR channels/signals in the overlapped resource can be rate-matched or punctured.

In terms of NR PDCCH monitoring, NR UEs can be configured to monitor NR PDCCH on OFDM symbols not carrying LTE channels/signals. According to whether a LTE subframe is a non-MBSFN or MBSFN subframe, positions of OFDM symbols available for NR transmission can be different. Thus, it can be beneficial to consider different OFDM symbols for PDCCH monitoring per slot because available OFDM symbols where NR PDCCH can be transmitted are irregular. One alternative to address the issue is to configure separate offset per a slot for PDCCH monitoring. For example, separate offset per slot sets corresponding to MBSFN or non-MBSFN subframes can be configured to NR UEs.
Proposal 3: Support separate PDCCH monitoring offsets for different slots.
3 Conclusions 

This contribution discusses FFS aspects from a previous RAN1 agreement for LTE-NR coexistence and then proposes the following depending on the discussion:
Proposal 1: Configuration of UL subcarrier grid alignment between LTE and NR is broadcasted in RMSI.

Proposal 2: Activation/deactivation for a SUL carrier is supported by activation/deactivation signaling.

Proposal 3: Support separate PDCCH monitoring offsets for different slots.
References:
[1] RAN1 Chairman’s note, 3GPP TSG RAN WG1 NR AH#1, Spokane, USA, January, 2017
[2] RAN1 Chairman’s note, 3GPP TSG RAN WG1 #88b, Spokane, USA, April, 2017

[3] RAN1 Chairman’s note, 3GPP TSG RAN WG1 #89, Hangzhou, China, June, 2017
[4] RAN1 Chairman’s note, 3GPP TSG RAN WG1 NR AH#2, Qingdao, China, June, 2017

[5] RAN4 Chairman’s note, 3GPP TSG RAN WG4 #84, Berlin, Germany, August, 2017
[6] RAN1 Chairman’s note, 3GPP TSG RAN WG1 NR AH#3, Nagoya, Japan, September, 2017

[7] RAN1 Chairman’s note, 3GPP TSG RAN WG1 #90b, Prague, CZ, October, 2017
PAGE  
3

