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1 Introduction

Support of different numerologies for a same vertical needs to be considered to provide support for various deployment scenarios and to optimize various performance metrics. A numerology is defined by the sub-carrier spacing and the CP overhead. In RAN1#86, the following were agreed regarding the CP length for NR: 

Agreements:
· NR design should allow potentially defining multiple CP lengths for a given subcarrier spacing in Phase I or later

· Multiple CP lengths do not mean the normal CP have 2 different CP lengths in the LTE

· It should be possible to deploy NR with 60 kHz subcarrier spacing in the channel that have the same delay spread that LTE can handle with the normal CP length as one use case

· Other subcarrier spacing solution can be considered with an equal priority in the further study

· More than one CP length should be studied for a given subcarrier spacing

· The different CP lengths for a given subcarrier spacing can be of substantially different lengths 

· For 60 kHz subcarrier spacing, at least one CP length can be similar to the normal CP length of 15 kHz corresponding to LTE numerology
· Other proposals are not precluded
· Note: FFS whether all of subcarrier spacings support more than one CP length or not

· Note: FFS whether supporting more than one CP length for a given subcarrier spacing is mandatory or optional for a given UE
This contribution considers aspects related to supporting different CP overheads and different sub-carrier spacing for the same vertical for the transmission of control channels and data channels and in different links. Coexistence of different verticals is not considered, i.e. only one vertical exists. Further this contribution considers the open issues related to the agreements from RAN1#86.
2 Different CP Lengths
In general, a configuration of a different CP overhead (different CP length per transmission slot symbol) for a given sub-carrier spacing is motivated by the need to adjust to the channel delay spread. Using the 15 KHz sub-carrier spacing as reference and considering higher sub-carrier spacings, a scaled CP length for a higher sub-carrier spacing relative to the CP length for the 15 KHz sub-carrier spacing can apply when the channel delay spread is small; otherwise, a scaled CP length leads to significant performance loss and an extended CP length as for the CP length used for the 15 KHz sub-carrier spacing is needed. Multiple CP lengths for the 15 KHz may not be needed in NR Phase I in which case a higher sub-carrier spacing needs to support only two CP lengths, a scaled one and an extended one similar to the CP length for the 15 KHz sub-carrier spacing.

Proposal 1: NR Phase I design allows operation with at least two CP lengths for a sub-carrier spacing above 15 KHz. FFS for 15 KHz.
The extended CP length needs to consider the channel delay spread and the possibility of asynchronous transmission between the transmitter and the receiver. The channel delay spread can be different in the DL and UL while transmission can be asynchronous in the UL but not in the DL. Several operating scenarios motivating a different CP length for DL transmissions and UL transmissions exist.

For grant-free UL URLLC transmissions, a UE can be synchronized in the DL but may not be synchronized in the UL as there may not be enough time to transmit PRACH and receive a TA command. It is conceivably possible for the UE to transmit a PRACH prior to the URLLC transmission in order to enable the eNB to determine the placement of the DFT for the reception of the URLLC transmission but in practice such PRACH will have very low coverage, due to the requirement for very small duration and very low miss probability, and/or will represent a higher overhead relative to using an extended CP. 
Due to UE power limitations, the set of TRPs for DL transmissions to a UE can be larger than the set of TRPs for UL transmissions to the UE and the channel delay spread in the DL can be larger than the channel delay spread in the UL to an extent that it requires a larger CP in the DL than in the UL. Also, due to potentially different beam widths for gNB transmitters and UE transmitters, for example due to different number of antennas, the respective channel delay spreads can be materially different.

Proposal 2: NR Phase I design allows for separate UE-specific configuration of the CP length for different links.

A UE complexity associated with support of different CP lengths for any sub-carrier spacing is not material. Then, to simplify network operation and avoid having a mixture of UEs with different capabilities, support for more than one CP lengths for any sub-carrier spacing higher than 15 KHz can be a mandatory UE feature. Nevertheless, this can be concluded towards the end of NR Phase I together with the mandatory or optional support of other features.  

Observation 1: Support of multiple CP lengths for a sub-carrier spacing does not materially impact UE complexity. Mandatory or optional support of multiple CP lengths for a sub-carrier spacing can be concluded at a later stage.

3 Multiple Sub-Carrier Spacings  
Use of multiple sub-carrier spacings for a same vertical can be categorized into two general cases:

a) Use of different sub-carrier spacing for control and data transmission on the same link

a. Control has higher sub-carrier spacing than data

b. Control has smaller sub-carrier spacing than data

b) Use of different sub-carrier spacings on different links

Control has higher sub-carrier spacing than data

The case for DCI/UCI transmissions using a higher sub-carrier spacing than data transmissions was discussed in RAN1#86 under the objective of having a shorter symbol duration for PDCCH transmission in a localized bandwidth in order to provide a gap for a UE to retune its RF to a wider bandwidth to receive a PDSCH transmission. Restricting PDCCH transmission to a localized bandwidth can be beneficial for FDM of verticals, FDM-ICIC, and for conserving UE power consumption particularly for operation above 6 GHz where a carrier bandwidth can be in the order of GHz and RF power consumption, such as for ADC operation, is substantial. The first case can also be potentially beneficial for multiplexing URLLC and eMBB as, under the assumption of a scaled CP length for URLLC, PDCCH/PDSCH transmissions for URLLC would not need to puncture PDCCH transmissions for eMBB. Additionally, the first case can be potentially applicable for PUCCH transmissions to again provide retuning gaps for unpaired spectrum operation and/or to provide gaps that enable additional processing time for a UE to decode data TBs and transmit HARQ-ACK in a ‘self-contained’ manner in order to minimize latency between PDSCH reception and HARQ-ACK transmission.  

Use of different sub-carrier spacing for PDCCH/PUCCH transmissions is also associated with several disadvantages. First, a scaled CP length can often be inadequate for a higher sub-carrier spacing and a larger CP is needed resulting to a respective increased CP overhead for PDCCH/PUCCH transmissions. For a variable number of symbols per transmission slot for PDCCH transmissions, multiplexing PDCCH transmissions with larger CP for a first sub-carrier spacing (e.g. 60 KHz) and PDSCH transmissions with ‘normal’ CP for a second sub-carrier spacing (e.g. 15 KHz) can result to more complex implementation and either variable gap periods or additional specifications. This also applies multiplexing URLLC PDCCH and eMBB PDCCH using the higher sub-carrier spacing but using the lower sub-carrier spacing for eMBB PDSCH transmissions. It is also possible to dynamically FDM PDCCH/PDSCH URLLC transmissions and PDCCH eMBB transmissions using different RBs [1].  

Second, the gap required for a UE to decode/process a PDCCH and then retune to a different bandwidth can be material. For example, for LTE eMTC UEs the maximum gap only for RF retuning on a same carrier is 2 subframe symbols (with 15 KHz sub-carrier spacing). Although NR eMBB UEs will not be low-cost UEs, the difference in the RF capability to retune is not expected to be drastically different (and a PDCCH demodulation/decoding/processing delay needs to be added). Third, for the vast majority of applications, a strict latency requirement is not needed. For example, for a HARQ-ACK transmission in response to a PDSCH reception, RAN1 agreed to define a variable timing. The same can trivially extend for a PDSCH reception in response to a DL assignment detection. This variable timing can easily absorb, when needed, a decoding/processing/retuning delay. 
Observation 2: Using higher sub-carrier spacing for control transmission than for data transmission for a same vertical is associated with several disadvantages and is generally not necessary for reducing UE power consumption.

Proposal 3: The timing relationship between DL assignment detection and DL data reception can be indicated in the DL assignment. 
Control has smaller sub-carrier spacing than data

This case can be beneficial for multiplexing high speed UEs for eMBB where DCI uses QPSK modulation and a 15 KHz sub-carrier spacing suffices for combating the Doppler shift while, for QAM modulations, a 30 KHz sub-carrier spacing is needed for data. This can simplify scheduler operation as all UEs are equivalent for PDCCH transmissions regardless of their speed. However, it is also possible to use the same sub-carrier spacing for control and data transmissions as the scheduler can use different RBs for PDCCH transmissions with different sub-carrier spacings. Some REs will be nulled for guard-band purposes but this can be acceptable as their power can be used to boost PDCCH transmissions in other REs.
Observation 3: Using higher sub-carrier spacing for data transmission than for control transmission for a same vertical is beneficial but it is not essential.

Different sub-carrier spacings on different links
No motivation is identified for use of different cub-carrier spacings on different links, such as a 15 KHz sub-carrier spacing in the DL for data or control and a 60 KHz sub-carrier spacing in the UL for data or control. Although configurability could be argued for forward compatibility, there will be a specification impact at least in case of flexible duplex. Therefore, a same sub-carrier spacing can be assumed for DL transmissions to and UL transmissions from a UE. 
Observation 4: A same sub-carrier spacing can be assumed for DL transmissions to and UL transmissions from a UE..

4 Conclusions

This contribution considered numerology aspects for a same vertical. In particular, the following are proposed. 
Proposal 1: NR Phase I design allows operation with at least two CP lengths for a sub-carrier spacing above 15 KHz. FFS for 15 KHz.
Proposal 2: NR Phase I design allows for separate UE-specific configuration of the CP length for different links.

Proposal 3: The timing relationship between DL assignment detection and DL data reception can be indicated in the DL assignment. 
Additionally, the following are observed. 

Observation 1: Support of multiple CP lengths for a sub-carrier spacing does not materially impact UE complexity. Mandatory or optional support of multiple CP lengths for a sub-carrier spacing can be concluded at a later stage.

Observation 2: Using higher sub-carrier spacing for control transmission than for data transmission for a same vertical is associated with several disadvantages and is generally not necessary for reducing UE power consumption.

Observation 3: Using higher sub-carrier spacing for data transmission than for control transmission for a same vertical is beneficial but it is not essential.

Observation 4: A same sub-carrier spacing can be assumed for DL transmissions to and UL transmissions from a UE..
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