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[bookmark: _Toc116995841]Introduction
The objective of performance part for High-Speed Train (HST) in Frequency Range 2 (FR2) is described in [1] as follows:
	4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
· Specify the necessary RRM test cases based on the outcome on corresponding core part. 
· Investigate and if needed specify the demodulation performance requirements for intra-band carrier aggregation (CA) HST scenario.
· Specify the necessary demodulation performance requirements for simultaneous multi-panel reception. 
· [bookmark: _Hlk132050751]NOTE: Focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception
· Specify the other necessary RRM and demodulation performance requirements depending on the outcome of core part. 



in which, for the demodulation performance requirements, the objective is highlighted in green.
Based on such an objective, in this paper we will provide our initial views on the UE demodulation performance requirements for HST FR2 with simultaneous two-panel reception (S2PRX) and Carrier Aggregation (CA).


[bookmark: _Toc116995842]Discussion
General
In this section, we briefly provide the background of FR2-1 mRX for having the basic understanding on this feature from RAN4 demodulation perspective. Afterwards, we discuss HST FR2 enhancement with S2PRX (HST-FR2-S2PRX) followed by HST FR2 with CA (HST-FR2-CA).
In Rel-15, the minimum UE requirements in NR FR2 were defined only for single-antenna-panel UE. A UE with one antenna panel has only one RX beam/chain for its DL reception; hence, the UE demodulation requirements were defined for MIMO with rank 1 and rank 2 only.
As its name implies, a multi-RX (mRX) UE has multiple panels to create multiple RX beams for its DL reception. With this additional RX beams, the UE is now capable of receiving more MIMO layers coming from multiple TRPs. The current assumption on mRX in [1] for FR2 UE is that the UE can now create 2 RX beams coming from 2 different antenna panels. Hence, the mRX UE can now receive up to 4-layer MIMO coming from two directions of two different TRPs, in which each TRP can send up to 2-layer MIMO. While such a feature is important for higher data rate communication in DL MIMO FR2 and in HST FR2, the performance requirements for mRX in FR2 have not yet been specified. Hence, the outcome of [1] is expected to provide such requirements for mRX in FR2. The way forward from the RAN4#106 Demodulation meeting on mRX in FR2 is documented in [2].
[bookmark: _Toc132055378]The Objective of Performance for mRX FR2 feature as given in RP-223527 stated that the demodulation performance requirements for mRX FR2 UE needs to be first defined for single carrier component. The extension to cover intra-band CA can be considered after the single carrier requirements have been defined.  
[bookmark: _Toc132055379]The demodulation performance requirements for HST-FR2-S2PRX shall refer to the performance requirements defined for mRX FR2.
[bookmark: _Toc132055380]Initial demodulation requirements for HST-FR2-S2PRX shall first focus on single component carrier. Afterwards, the extension of the requirements to intra-band CA for HST-FR2-S2PRX can be considered
There are two different transmission schemes considered in mRX FR2 WI, namely, single-Downlink-Control-Information (sDCI) and multi-DCI (mDCI). The sDCI scheme will use only one DCI which is transmitted from one of the TRPs. The DCI is used to schedule the PDSCH transmission from both TRPs, in which the number of layers is split between the two TRPs. An FR2 UE with mRX will then use two independent RX beams pointing towards the two TRPs to receive the PDSCH signals and combine all the layers together. In sDCI scheme, the layers from the TRPs are coming from the same Transport Block (TB), and a high-quality backhaul between the TRPs is required to schedule the joint transmission of the two TRPs properly. When the backhaul between the TRPs is non-ideal, mDCI-scheme allows for a more relaxed scheduling since each of the TRP has its own DCI to schedule the PDSCH independently. The transmitted layers from the TRPs are from different TBs and, hence, the two TRPs can transmit with different MCSs on those layers.
In [2], there is an agreement on the transmission/multiplexing schemes to be considered for defining the requirements for both sDCI and mDCI for mRX FR2 UEs, namely:
· sDCI with Spatial Division Multiplexing (SDM),
· mDCI with full overlapping (For Further Study (FFS))
· mDCI with non-overlapping (FFS)
[bookmark: _Toc132055381]In mRX FR2 WI, sDCI with SDM is agreed while mDCI with both full overlapping and non-overlapping are still under FFS status.
[bookmark: _Hlk131719891]It was already agreed in HST FR2 Enh that Non-coherent Joint transmission scheme should be used as a baseline. However, in HST FR2 deployments the propagation channel from two non-collocated TRPs/RRHs will have very different characteristics, such as FO, TO, signal strength, etc. Therefore, the use mDCI scheme can be beneficial due to the independence of the transmissions to the different CPE panels.
[bookmark: _Toc132055382]Use of sDCI transmission scheme can be more challenging in HST FR2 deployments.
[bookmark: _Toc132055383]RAN4 to discuss the feasibility of sDCI in HST-FR2-S2PRX.
[bookmark: _Toc131893272][bookmark: _Toc132055384]RAN4 to focus on mDCI in HST-FR2-S2PRX and to discuss whether to consider mDCI with full overlapping or mDCI with non-overlapping.
In [2], it was agreed to define PDSCH demodulation performance requirements for mRX FR2. The following agreements were also made:
· No PDCCH requirements will be introduced for Rel-18 FR2 Multi-Rx chain UE WI. 
· No PBCH performance requirements will be introduced.
· No SDR performance requirements will be introduced.

[bookmark: _Toc132055385]The demodulation performance requirements for mRX FR2 will only be defined for PDSCH.
[bookmark: _Toc132055386]Define new demodulation performance requirements only on PDSCH for Rel-18 HST FR2 UEs capable of simultaneous two-panel reception.

HST FR2 with Multi-RX
In HST FR2, the remote radio head (RRH) can have unidirectional or bidirectional beam. RRH with unidirectional beam can point its beam to one direction only and, hence, it has limited coverage compared to RRH with bidirectional beam which can point its two beams in separate and opposite direction. 
We note here that in HST FR2, the UE is the vehicle-roof mounted customer-premises equipment (CPE). It is the equipment that communicate with both the track-side deployed RRHs and the user terminals on-board. Hence, it provides the backhaul link to RRH and access link to the on-board user terminals.
With the adoption of mRX FR2 into HST FR2, the CPE can now have two RX beams, in which each beam is generated by different antenna panel and pointing in different direction to create spatial separation between the received signals coming from two different RRHs.
In [5], the channel model for HST FR2 enhancement is discussed. The discussion is focused on the required new channel models for simultaneous multi-panel reception in DL, i.e., for UE demodulation requirements. The deployment of the RRH and the antenna panels at CPE will impact the channel models for multi-panel reception in DL. 
[bookmark: _Toc132055387] The performance of HST-FR2-S2PRX will strongly be impacted by the deployment of the RRH, the location of the antenna panels at the CPE, and the beam at RRH (unidirectional or bidirectional).
[bookmark: _Toc132055388]RAN4 to discuss deployment scenario for HST-FR2-S2PRX for defining the performance requirements.
HST FR2 with CA
In [3], the PDSCH performance requirements for HST FR1 with CA has been defined in sections 5.2A.2.4 and 5.2A.2.5 for 2RX HST-Single Frequency Network (SFN) and HST-Dynamic Point Selection (DPS), respectively, and in sections 5.2A.3.4 and 5.2A.3.5 for 4RX. In FR2, PDSCH requirements for CA is defined in section 7.2A for both 1RX and 2RX. Currently there is specification for HST-FR2-CA, which will be the expected output of this WI.
[bookmark: _Toc132055389]For CA, the demodulation performance requirements for HST FR1 are only defined for PDSCH.
[bookmark: _Toc132055390]RAN4 to introduce new HST-FR2-CA requirements only on PDSCH.
There is a definition for poise power level being specified for CA in section 4.5.3.2 of [3], as follows:
	For CA case, the Noc power level (NocCA) shall increase by a relaxation factor defined in TS 38.101-2 [4] Table 7.3A.2.1-1:
	NocCA = NocSC + ΔRIB
-	NocSC is derived by assuming UE supports single carrier. 
[bookmark: _Hlk131689493]-	ΔRIB values are specified in TS 38.101-2 [4].



 
[bookmark: _Toc132055391] The noise power level in CA case is coming from the noise level of single carrier with some additional noise from ΔRIB, which is the allowed reference sensitivity relaxation due to support for inter-band CA operation.
[bookmark: _Toc132055392]RAN4 to discuss for HST-FR2-CA the possibility to introduce imperfections due to CA into the single carrier link level simulation, either with proper increased level of noise power or other imperfections model.


[bookmark: _Toc116995848]Conclusion
In this paper we provide our views on the demodulation performance requirements for HST-FR2-S2PRX and HST-FR2-CA. We first briefly describe mRX in FR2 with sDCI and mDCI, followed by its use case in HST-FR2. Afterwards, we discuss our observations and initial proposals to be considered in defining the demodulation performance requirements for HST-FR2-S2PRX and HST-FR2-CA. In the following, our Observations and Proposals is summarized: 
Observation 1: The Objective of Performance for mRX FR2 feature as given in RP-223527 stated that the demodulation performance requirements for mRX FR2 UE needs to be first defined for single carrier component. The extension to cover intra-band CA can be considered after the single carrier requirements have been defined.
Proposal 1: The demodulation performance requirements for HST-FR2-S2PRX shall refer to the performance requirements defined for mRX FR2.
Proposal 2: Initial demodulation requirements for HST-FR2-S2PRX shall first focus on single component carrier. Afterwards, the extension of the requirements to intra-band CA for HST-FR2-S2PRX can be considered
Observation 2: In mRX FR2 WI, sDCI with SDM is agreed while mDCI with both full overlapping and non-overlapping are still under FFS status.
Observation 3: Use of sDCI transmission scheme can be more challenging in HST FR2 deployments.
Proposal 3: RAN4 to discuss the feasibility of sDCI in HST-FR2-S2PRX.
Proposal 4: RAN4 to focus on mDCI in HST-FR2-S2PRX and to discuss whether to consider mDCI with full overlapping or mDCI with non-overlapping.
Observation 4: The demodulation performance requirements for mRX FR2 will only be defined for PDSCH.
Proposal 5: Define new demodulation performance requirements only on PDSCH for Rel-18 HST FR2 UEs capable of simultaneous two-panel reception.
Observation 5: The performance of HST-FR2-S2PRX will strongly be impacted by the deployment of the RRH, the location of the antenna panels at the CPE, and the beam at RRH (unidirectional or bidirectional).
Proposal 6: RAN4 to discuss deployment scenario for HST-FR2-S2PRX for defining the performance requirements.
Observation 6: For CA, the demodulation performance requirements for HST FR1 are only defined for PDSCH.
Proposal 7: RAN4 to introduce new HST-FR2-CA requirements only on PDSCH.
Observation 7: The noise power level in CA case is coming from the noise level of single carrier with some additional noise from ΔRIB, which is the allowed reference sensitivity relaxation due to support for inter-band CA operation.
Proposal 8: RAN4 to discuss for HST-FR2-CA the possibility to introduce imperfections due to CA into the single carrier link level simulation, either with proper increased level of noise power or other imperfections model.
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