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1	Impacts
{For Normative work, identify the anticipated impacts. For a Study, identify the scope of the study}
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	
	

	No
	X
	
	
	X
	

	Don't know
	
	
	
	
	



2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a …
{Tick one or more box(es). The full structure of all existing Work Items is shown in the 3GPP Work Plan in https://ftp.3gpp.org/Information/WORK_PLAN} 
	
	Study 

	
	Normative – Stage 1

	
	Normative – Stage 2

	
	Normative – Stage 3

	
	Normative – Other*


* Other = e.g. testing

2.2	Parent Work Item
{"Parent" Work Item refers to the related, earlier-Stage, Work Item, e.g. the related Stage 1 Work Item shall be indicated here when a Stage 2 normative Work Item or Study Item is presented. "Parent" Work Item can also refer to the related preceding Study Item e.g. the related Study Item and the earlier-stage Work Item shall be indicated here when a normative-work Work Items is started. List here all parent Work Items of which requirements are either fully or partially covered by the proposed Item. }
{This section is mandatory to be filled out by the rapporteur. This section is to be filled with care: it indicates to the companies monitoring the parent Work Item that it will be addressed in this study/work item.} 
For a brand-new topic, use “N/A” in the table below. Otherwise indicate the parent Work Item.
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	
	
	
	



2.3	Other related Work Items and dependencies
{List here other Work Items which relate to the proposed one, such as a Work Item in an earlier Release if further enhancing the feature from the previous Release)}
	Other related Work /Study Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	{optional free text} 



Dependency on non-3GPP (draft) specification:
{This section is to be typically used to identify the IETF dependencies. Delete the header "Dependency on non-3GPP (draft) specification:" if no such dependency}
3	Justification
Massive MIMO technology has played a crucial role in boosting spectral efficiency in the transition from 4G Long Term Evolution (LTE) to 5G New Radio (NR). With the breakthrough of active antenna systems, it has become feasible from an implementation standpoint to accommodate large numbers of digital antenna ports at a base station (BS). Aggregating antennas from multiple transmission/reception points (multi-TRPs) is another approach for realizing massive MIMO and may lower implementation costs; the multi-TRPs can be treated as an upgraded single-TRP that supports transmissions via aggregated antennas of all collaborative TRPs. Techniques, including dynamic point selection (DPS), non-coherent joint transmission (NCJT), and coherent joint transmission (CJT), have realized this concept in NR Rel-16 and Rel-17 standards and further developed in Rel-18.
Despite the increasing number of antennas supported on the network side, there is limited capacity to add more antennas on the user equipment (UE) side, such as smartphones, or wearable devices. The MIMO capacity scaling gain of an end-user will eventually be bounded by the number of antennas equipped by UEs. Portable devices, due to their form factor and the cost of implementing dense packaging of antennas, typically have at most 4 or 8 antennas for the frequency range 1 (FR1) spectrum. Furthermore, the MIMO multiplexing gain depends on the end-to-end channel matrix having a high rank, which requires sufficient spacing among antenna elements and multipath scattering. Fulfilling these conditions on the UE side is difficult, thereby limiting support for a high number of spatial streams.
To overcome the limitations of equipping UEs with large arrays of antennas, similar to M-TRP, the collaboration of nearby fixed or portable devices to aggregate their antenna capabilities offers much greater performance than with a device alone. Nowadays more and more users carry a multiplicity of devices including smartphones, tablet, wearables, etc., and these devices often operate “together” e.g., via BT tethering (voice calls, remote phone camera shutter etc.). Such personal network of devices opens some opportunity for greater collaboration. 
In comparison to existing tethering-based methods that necessitate processing time for decoding and regenerating signals to be forwarded to/from end-users, RF repeaters introduce minimal additional delay, meeting the real-time requirements of services such as AR/VR. However, implementing this on portable devices proves challenging due to the limited space available for spatial isolation between input and output ports. Consequently, utilizing Layer-1 forwarding (amplify-and-forward) with inter-band frequency translation emerges as a viable solution for wirelessly aggregating antenna capabilities among devices. For instance, consider the downlink (DL) transmission from a gNB to a UE. A collaborative device receives the DL signal from gNB in band 1 and forwards the received signal to the UE in band 2, so that the UE seems to receive DL signal from gNB by two set of receive antennas in both band 1 and band 2. From the network’s perspective, it appears to communicate with a UE possessing an enhanced Rx antenna capability, collected from the collaborative device. 
In all, NR should support means for a UE to aggregate its own antenna capability with the antenna capability of a collaborative device in proximity in order to obtain UL/DL MIMO performance beyond the UE’s own antenna capability, using Layer-1 forwarding (amplify-and-forward) with frequency-translation.
4	Objective
The objective of this study is to identify and evaluate the potential mechanism(s) to support (joint) transmission/reception on a UE to/from a gNB using a direct path and an indirect path between the gNB and the UE, where 
· The direct path operates on a first frequency band (B1); and
· The indirect path operates both on B1 between the gNB and a collaborative device, and on a second frequency band (B2) between the UE and the collaborative device; and
· The indirect path is enabled by the collaborative device performing amplify-and-forward Layer-1 forwarding with frequency-translation (Layer-1 FT-Fwd) of signals exchanged between the gNB and the UE, translating between B1 and B2; and
· the DL and UL performance of the UE is improved by aggregating the antenna capabilities of the UE and of the collaborative device 
The study includes the following aspects:
· Develop an evaluation methodology to evaluate the performance gain as well as interference impact, and identify potential enhancement(s) to support this type of operation [RAN1]
· To control the Layer 1 FT-Fwd behavior, identify the necessary control information to be transferred directly between the UE and the collaborative device, and the necessary side control information to be transferred from the gNB to the UE [RAN1]
· Identify possible procedures/signaling to inform the gNB of the establishment/termination of collaboration with the collaborative device [RAN2, RAN1]
· Identify potential impact to RAN4 performance requirements to support this type of operation [RAN4]
The following scenarios and assumptions are applied to focus the direction of the study:
· The application scenario consists of a collaborative device and a UE constrained in terms of Tx/Rx antennas
· The UE and collaborative device are assumed to be in close proximity (e.g. ≤10 meters) of each other to strictly limit the Tx power on the B2 for both UE and collaborative device
· The collaborative device is connected to the UE using a non-3GPP-standardized UE-device connection, or NR sidelink: establishing and managing this connection is not in scope of the Study. This connection is used by the UE to control the Layer-1 FT-Fwd behavior on the collaborative device via exchange of necessary control information.
· The collaborative device is transparent to the gNB
· The collaboration establishment/termination (including discovery, pairing, and unpairing) with the intermediate device is always initiated by the UE
· B1 and B2 are FR1 licensed bands
· The gNB shall be able to control/restrict the usage and radio operation of the Layer 1 FT-Fwd (indirectly) on first and second frequency bands, by means of side control info sent from the gNB to the UE. 
Note: No SA/CT impact are expected
5	Expected Output and Time scale
{If this WID covers both stage 2 and stage 3, clearly indicate the different completion dates.}

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Rapporteur

	Internal TR

	{e.g. 
"22.XXX" or actual number if known}
	Study on Device-collaborative Tx Rx
	TSG#105 / Sep 2024
	TSG#106 / Dec 2024
	{<FamilyName>, <GivenName>, <Company>, <email address>. See Note 2}

	
	
	
	
	
	



{Note 1:	Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.}
{Note 2:	The first listed Rapporteur is the specification primary Rapporteur. Secondary Rapporteur(s) are possible for particular aspect(s) of the TS/TR. In this case, their responsibility has to be provided as "Remarks".}

	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	{e.g. "22.281"}
	{Possible values: 
- either free text (e.g. “CS aspects to be removed") 
- or “Specification to be withdrawn”}
	{e.g. "TSG#89"}
	{Free text, e.g. "This TS covers Stage 2" or "This TS covers Stage 3" or "This TS covers both stages 2 and 3"}

	
	
	
	



6	Work item Rapporteur(s)
{Mandatory: <FamilyName>, <GivenName>, <Company>, <email address>}
{Optional: <FamilyName>, <GivenName>, <Company>, <email address>: Secondary task(s)}
{The first listed Rapporteur is the work item primary Rapporteur. The role of a Rapporteur is further described in www.3gpp.org/specifications-groups/delegates-corner/writing-a-new-spec. By default, the primary Rapporteur shall ensure the production of the post-completion summary. 
Secondary Rapporteur(s) are possible for specific secondary task(s), such as: "Write the post-completion summary"; "In charge of a specific aspect of the work item (specify which)"; "Rapporteur for a secondary responsible WG (specify which)"}
7	Work item leadership
Primary: RAN1
Secondary: RAN2, RAN4
8	Aspects that involve other WGs
{This information is provided as best effort assumption, at the time of submission of the WID to TSG approval. It can be later changed without a need to revise the WID.
The “aspects” can be provided by topic (e.g. “security”, “multimedia”) and/or by specifying the WG(s) e.g.: "SA2, SA3, SA5, SA6. CT6 for storage, and potentially SA4". If not applicable, indicate "None" or "None identified yet"}
For a Stage 2 WID requiring Stage 3 to be done by another group: on a best-effort basis, indicate which potential WG is expected to specify the Stage 3: {possible values: "Not applicable", " unknown", "CT WGs", etc}

9	Supporting Individual Members
{At least 4 supporting Individual Members are needed. There is an expectation that these companies will provide resources to progress the work. Note that having 4 supporting companies is a necessary but not sufficient condition: the usual TSG approval process by consensus is needed for the WID approval}
	Supporting IM name

	

	

	

	

	

	




