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1 Introduction

In RAN #84 meeting a new WI on further performance enhancements for NR in high speed scenarios was approved [1]. In the last RAN4 meeting (RAN4 #92bis) it was agreed to define UE capability for HST-SFN scenarios since advance receive processing is needed to ensure reliable demodulation performance for such extreme channel conditions [2]. Corresponding network assistance signaling, which provide UE information about HST-SFN conditions, was extensively discussed as well and two options were captured for possible signaling design:
1) Per cell basis

2) Per TRS resource basis

Also, during the meeting, it was raised that additional network assistance of presence of single tap HST conditions might be needed and final decision should be discussed in the next meeting.
In this paper we provide our view on new network assistance signalling for NR HST scenarios.
2 Discussion
2.1 Signalling for single tap conditions

In our companion papers we provide comprehensive analysis of demodulation performance for HST single tap conditions [3]
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 \* MERGEFORMAT [4]. Based on the provided results, UE should be aware on the presence of HST single tap conditions to adjust frequency tracking algorithms in order to avoid performance loss. Detection of this information on the UE side is not straightforward and require significant increase of UE implementation complexity. Therefore, network should inform UE that it operates in HST single tap scenario to avoid performance degradations.

Observations #1: To provide optimal performance in HST single tap scenario UE should be aware on the presence of HST single tap conditions. Moreover, UE cannot obtain this information by itself, therefore network should provide it. 
2.2 Design of signalling  
According to the first observation and already agreed introduction of HST-SFN signalling, UE need to distinguish between 3 scenarios: HST-SFN with JT, HST single tap or HST-SFN with DPS and non-HST. For this purpose, one new configuration field can be defined which can contain “HST-SFN” (HST-SFN with JT) or “HST” (HST single tap or HST-SFN with DPS) states. For non-HST conditions this field can be skipped or configured as empty. This approach precludes any redundant introduction of different flags for the same purpose.

Regarding signalling granularity, the one of potential option is simple reusing of LTE procedure which is defined with per cell basis. In LTE it was defined without assuming other Tx schemes in HST-SFN deployments besides joint transmission. Same time in NR the DL signals are not required to be transmitted in only joint manner since different RRHs can be assigned to represent different beams and a regular NR beam management approach can be adopted. In this case different transmission schemes can be considered in HST-SFN deployment which can improve demodulation performance. In this case introduction of network assistance signalling in HST scenario per cell basis leads to, first of all, precluding any switches between different Tx schemes since it will require quite long time on RRC reconfiguration which cannot be applicable for scenarios with high mobility. Same time, per cell basis signalling preclude any studies and introductions of the new transmission schemes with mixes of JT and DPS signal transmissions in the future releases for HST deployments. In such transmission schemes different TCI states and corresponding TRSs can be associated with different Tx schemes like JT and DPS. In our companion paper analysis of the such operation modes is presented and it shows that performance benefits might be observed. In this case signalling design per cell basis do not applicable. Same time flexible signalling design per TRS resource do not have any of the captured below drawbacks and do not provide any limitations.
 Observations #2: Signalling design per cell basis in NR HST scenarios do not suitable due to following drawbacks:

1) Preclude switches between different Tx schemes
2) Preclude study and introduction of the Tx schemes with mix of joint and DPS Tx operations.
In result from technology perspective it is more reasonable to define new network assistance for HST scenarios for each configured TRS resource.
Proposal #1: 
Define new RRC network assistance to inform UE whether the TCI state is associated with HST-SFN (HST-SFN with JT) or HST (HST single tap or HST-SFN with DPS) scenarios. Introduce additional information field of HST-SFN/HST conditions for each configured TRS resource (NZP-CSI-RS-ResourceSet)
It can be done in the following way:
	NZP-CSI-RS-ResourceSet ::=          SEQUENCE {

    nzp-CSI-ResourceSetId               NZP-CSI-RS-ResourceSetId,

    nzp-CSI-RS-Resources                SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourcesPerSet)) OF NZP-CSI-RS-ResourceId,

    repetition                          ENUMERATED { on, off }              OPTIONAL,   -- Need S

    aperiodicTriggeringOffset           INTEGER(0..6)                       OPTIONAL,   -- Need S

    trs-Info                            ENUMERATED {true}                   OPTIONAL,   -- Need R
    hst-Info                            ENUMERATED {hst_sfn, hst }          OPTIONAL,   -- Need R

    ...

}




3 Conclusion

In this contribution we provide our view on introduction of the new network assistance signalling for NR HST scenarios. The following observations and proposals were made:
Observations #1: To provide optimal performance in HST single tap scenario UE should be aware on the presence of HST single tap conditions. Moreover, UE cannot obtain this information by itself, therefore network should provide it. 

Observations #2: Signalling design per cell basis in NR HST scenarios do not suitable due to following drawbacks:

1) Preclude switches between different Tx schemes

2) Preclude study and introduction of the Tx schemes with mix of joint and DPS Tx operations.

Proposal #1: 
Define new RRC network assistance to inform UE whether the TCI state is associated with HST-SFN (HST-SFN with JT) or HST (HST single tap or HST-SFN with DPS) scenarios. Introduce additional information field of HST-SFN/HST conditions for each configured TRS resource (NZP-CSI-RS-ResourceSet)
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