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1	Introduction
The WID in [1] includes the following objective:
	2. Resource allocation enhancement:
· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.


During the last couple of RAN1 meetings, intense discussions about the inter-UE coordination procedures took place but only the following conclusions were made: 
	Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary



Moreover, in last RAN plenary the following LS sent by RAN1 – based on the discussion in previous RAN1 meetings – was discussed to define the scope of the enhancements based on Inter-UE coordination [2]. The outcome of the discussion was that the scope should not be change [3], and the down-selection (if any) of the three proposed schemes – as shown below – should be done in RAN1.
Nevertheless, it was highlighted during the RAN plenary meeting and as part of the conclusion of the discussion that the Inter-UE coordination solution(s) to be selected by RAN1 should be feasible and enhance reliability and latency.RAN1 has studied and evaluated schemes of inter-UE coordination in the following categories:
· Type A: UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· Type B: UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· Type C: UE-A sends to UE-B the set of resources where the resource conflict is detected


[bookmark: _Toc68622572]The main objective of the Inter-UE coordination mechanism is to provide an increase in reliability and latency while obtaining a feasible and beneficial solution, e.g., limiting as much as possible the signalling overhead and specification impact.
The inter-UE coordination mechanism increases the reliability of the resource allocation operation in mode 2, i.e., reducing the potential number of collisions, by having a UE sending a coordination message to another UE which may take into account the information contained in the coordination message to perform resource (re)selection. Such procedure will allow NR SL to avoid the problem of persistent collision in mode 2 due to either half-duplex or hidden UEs. Furthermore, such persistent collision problem can equally happen irrespective of the casting type of the transmissions i.e. unicast, groupcast and broadcast. Therefore, an inter-UE coordination solution which is common to all casting type should be specified. 
[bookmark: _Toc68622573]RAN1 strives for a common inter-UE coordination scheme that benefits all unicast, groupcast and broadcast scenarios.
Another important factor to consider when selecting the inter-UE coordination mechanism is that it should work for all kind of traffic that could occur in NR SL Rel-17, e.g., periodic and aperiodic traffic, and that the latency and reliability improvement of the mechanism should be achieved for every scheme.
[bookmark: _Toc68622574]The selected Inter-UE coordination mechanism(s) should be feasible and benefit transmission reliability and latency for every traffic type, i.e. periodic and aperiodic, without introducing excessive overhead or specification impact.
In the sections below, we outline the framework of the inter-UE mechanism and describe our view on the related procedures. Moreover, we show how our proposed scheme improves the reliability of the UEs with reduced capabilities, e.g., power-saving UEs. To finalize a comparison and summary of the proposed procedures for inter-UE coordination is performed.
2	Framework for inter-UE coordination
In this section, we discuss in detail the aspects of the different inter-UE coordination mechanism that were proposed during earlier RAN1 meetings. In our view, the coordination message format and size are the main factors that need to be considered to determine a feasible solution for all casting and traffic type. Thus, we start with a discussion on the Inter-UE coordination mechanism based on the format of the coordination message. 
[bookmark: _Toc68622575]The inter-UE coordination message format/size determines the main aspects of the inter-UE coordination framework and should be the main point to design the framework and related procedures.
Therefore, we divide the Inter-UE coordination mechanism based on the coordination message format including the advantages in terms of reliability and latency and considering the feasibility and specification impact needed for each of the schemes. 
[bookmark: _Ref68189744]2.1	One-bit coordination message
Using as baseline the different types of Inter-UE coordination mechanisms that were discussed during RAN1 meetings and taking into consideration the main objectives of the procedure, i.e., enhanced reliability/latency and reduced overhead, we define the following message format.
· 1-bit coordination message. This message contains information about a single resource or a very small set of resources.  
· The 1-bit coordination message is a part of Type B and Type C mechanisms as defined by RAN1 in [2]. 
· In this case, the “set of resources” is not explicitly transmitted. Instead, UE-B knows that the received coordination message refers to the set of resources that was previously indicated in the reservation transmitted by it and is triggered either a priori to the collision (pre-collision detection) or post collision.
· The motivation behind 1-bit coordination message is that an implicit indication of conflicting resource(s) is sufficient to help UE-B with its resource selection, e.g., triggering resource re-selection at UE-B.  

[bookmark: _Toc68622576]Type B and Type C inter-UE coordination mechanism consist of 1-bit inter-UE coordination message format.

[bookmark: _Ref61795452]The general procedure for the 1-bit coordination message for Type B, i.e., an expected collision based on reserved resource, is described as follows in Table 1 and depicted in Figure 1.
Table 1: Procedure for inter-UE coordination using a 1-bit message.
	The procedure for inter-UE coordination using a 1-bit message is as follows:
1. UE-B sends a reservation (as part of a regular transmission)
2. UE-A receives the reservation sent by UE-B and detects a collision (e.g., with previously received reservations).
3. UE-A sends a 1-bit coordination message, notifying UE-B that the reserved resource is subject to a conflict. 
4. Upon receiving the coordination message, UE-B drops the reservation and reselects resources 



[image: ]
Figure 1: Inter-UE coordination using 1-bit coordination message as defined in Type B scheme
For the aforementioned 1-bit coordination message, PHY layer signaling is used, (e.g., PSFCH). The use of a PSFCH format allows for SFN-like combination of transmissions from different UEs. This is highly relevant to avoid message flooding and large overhead for groupcast and broadcast scenarios. Since the mechanism needs to work for as many scenarios as possible, message size is one of the main considerations for choosing the signaling to convey each of the messages.
[bookmark: _Toc68622577]For inter-UE coordination using 1-bit messages, a PSFCH format is suitable. Transmissions from different users are combined in an SFN manner at the receiver.
Therefore, since the coordination message will be included within the PSFCH and it consists of only 1-bit signaling, it is possible to reduce the signaling overhead – which is high for the multi-bit signaling (see Section 2.2) – and to make the framework suitable not only for unicast transmission but also for groupcast communication without incurring in a high signal overhead.
[bookmark: _Toc68622578]Using the 1-bit coordination message the signaling overhead is as low as possible, i.e., only 1-bit is needed, making the framework feasible for all scenarios.
Another advantage of the using of PSFCH to transmit the coordination message is that the PSFCH resources are (pre-)configured within the resource pool, i.e., every 1, 2 or 4 slots, and therefore, one main metric for the feasible operation of the framework, i.e., latency, can be upper bounded. Moreover, since the reliability of the communication is increased based on the 1-bit coordination (see simulation results in Section 4.1), the 1-bit coordination framework also enhances indirectly the latency of the communication since a lower number of re-transmission is expected.
[bookmark: _Toc68622579]The 1-bit coordination message has a defined latency upper-bound, i.e., based on the (pre-)configured location of the PSFCH resources.
It is also important to reduce extra specification impact – or at least minimize it as much as possible – and therefore, by using the 1-bit coordination message framework, it is possible to re-use some of the physical channels already agreed during NR SL Rel-16 and avoid specifying a physical channel specifically for the coordination (or enquiry message). The 1-bit coordination message will be using the PSFCH resources and only a potential additional PSFCH resource (either a dedicated cyclic shift of the sequence or an RB) is needed.
[bookmark: _Toc68622580]The 1-bit coordination message transmission reuses the NR SL Rel- 16 procedures for PSFCH resource allocation reducing the specification impact. 
Additionally, as described above 1-bit coordination message can be also included as part of Type C mechanism, i.e., coordination message transmission is triggered by a post-collision as opposed to Type B mechanism where coordination message is triggered prior to the collision. This results in a common framework and exploit the benefit of both Type B and Type C mechanisms. 
[bookmark: _Toc68622581]The 1-bit coordination message creates a common framework for Type B and Type C mechanisms and exploits the benefits of both schemes. 
In case of 1-bit coordination message, the UE which may trigger the resource coordination message (i.e., UE-A) can be any UE which detects the resource collision. Given that it is a 1-bit message and the transmissions from different UEs can be SFN, such procedure is feasible and can reuse most of the NR SL Rel-16 procedures. Furthermore, a UE receiving the coordination message (i.e., UE-B) will be the one which does the resource reservation for its transmissions
[bookmark: _Toc68622582]For inter-UE coordination using 1-bit messages, UE-A can be any UE which detects resource conflict and UE-B is the one which performs reservation of the resources.
The fact that every UE can transmit the 1-bit coordination message is an important factor to address the issues, i.e., half-duplex and hidden node, that must be solved by the inter-UE coordination mechanism. Since every UE can sense the resource pool and gather knowledge about any potential issue regarding the reserved and selected resources, it is possible to avoid these issues in a more efficient manner than if just a solely UE (or a small group of UE) is chosen as a coordinator.
[bookmark: _Toc68622583]The hidden node and half-duplex issues are more efficiently solved if every UE can transmit the coordination message.
Therefore, based on the previous observations and the advantages highlighted by using the proposed scheme. In our view, the 1-bit coordination framework fulfills the main aspects that are required from a WID perspective. 
[bookmark: _Toc68622597]The 1-bit coordination framework (as part of Type B and Type C schemes) is supported as the main solution for the inter-UE coordination since it fulfils the requirements of enhancing the latency and the reliability while incurring in a minimal overhead and specification impact.

2.2	Multi-bit coordination message
The second coordination message format that can (mainly) relate to Type A scheme as discussed in RAN1 is based on a multi-bit coordination message. In the following, we present the main characteristics of the scheme. The multi-bit coordination message can contain information about many more resources (e.g., labelling them as preferred or not-preferred, etc.) that can be used as an input for the resource selection mechanism performed by the receiver UE.
[bookmark: _Toc68622584]Multi-bit coordination message contains information about many resources (e.g.        preferred and non-preferred resources under Type A and Type B scheme, respectively).
The following Table 2 shows an exemplary behaviour of the inter-UE coordination using a multi-bit coordination message format along with Figure 2.
[bookmark: _Ref61795455]Table 2: Procedure for inter-UE coordination using a multi-bit message.
	The procedure for inter-UE coordination using a multi-bit message is as follows:
1. UE-B sends a request for inter-UE coordination to UE-A
2. UE-A builds the inter-UE coordination message (e.g., based on sensing) and transmits it to UE-B.
3. Upon receiving the coordination message, UE-A combines the received information with its own sensing information to (re-)select resources.



Figure 2: Inter-UE coordination mechanism using multi-bit message
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The first characteristic of using multi-bit coordination message is that UE-A will potentially send an enquiry message to the UE-B in order to receive a coordination message. The enquiry is needed since in the case of the multi-bit coordination framework, the coordination message is not (only) triggered by a potential collision, but the multi-bit coordination message is used as additional information to perform the resource selection.
[bookmark: _Toc68622585]Multi-bit coordination messages are suitable as an aid for selecting resources rather than to notify about collisions or conflicts.
The set of resources which are defined as ‘available’ in the multi-bit coordination message can be used by UE-B as input for its next resource selection. Additionally, one of the main issues that is discussed for each of the inter-UE coordination frameworks is the latency and the signalling overhead. In the case of the signalling overhead, it is clear that a multi-bit coordination message introduces a high overhead (see Section 4.3) when used in groupcast or broadcast scenarios, making the framework not feasible for these scenarios.
[bookmark: _Toc68622586]Due to the high signal overhead introduced by the multi-bit coordination message, it is not feasible for groupcast and broadcast scenarios.
Moreover, the aspect of latency can also not be guaranteed by the multi-bit coordination framework since the UE generating the coordination message has to prepare the multi-bit coordination message, i.e., a bitmap of resources, which may take longer to be created than the 1-bit coordination message which is triggered just upon detecting a collision. For instance, in order to trigger the 1-bit coordination message only a collision by any UE and for a reserved resource is needed. On the other hand, for the multi-bit coordination message the UE creating the coordination message needs to monitor the reserved resources from all the UEs within the resource pool and perform several operations to label the resources as available or not.
On top of the longer delay to create the multi-bit coordination message, the UE sending the coordination message needs to find a slot for the coordination message, i.e., needs to be scheduled, and this leads to a higher delay and to a non-deterministic upper-bounded latency when compared with the 1-bit coordination mechanism.
[bookmark: _Toc68622587]The time to receive the coordination message (affecting the latency of transmission) is not deterministically upper-bounded as in the case of the 1-bit coordination message.
Moreover, even in the case of including an enquiry-based coordination framework, i.e., the UE performing the transmission sends a previous enquiry to a UE(s) in order to ask for the coordination message, which is in principle designed as a solution for low overhead signalling, it results in high latency since a UE first has to transmit an enquiry and then wait for the coordination message reception.
[bookmark: _Toc68622588]In case of using an enquiry-based framework for the multi-bit coordination mechanism, the latency is increased due to the time to transmit the enquiry and the waiting time for the coordination message reception.
In our view, based on the preceding analysis, multi-bit coordination mechanisms should not be considered for specification due to the issues created with respect to signal overhead and higher latency on the communications. Also, the applicability of multi-bit coordination message is limited to a unicast scenario. 
[bookmark: _Toc68622598]The multi-bit coordination mechanism is not specified as part of the inter-UE coordination framework 
3	Inter-UE coordination for re-selection and pre-emption for reduced capability UEs
One of the main objectives of the WID for NR Rel-17 is to increase the reliability of the SL communications for any kind of scenario and including all UEs. One of the main drawbacks of the agreed Type B UEs – UEs which can only receive PSFCH and S-SSB transmissions – is the absence of the possibility of triggering re-evaluation or pre-emption of the reserved resources since they are not capable of receiving and monitoring all SL signals. The lack of re-evaluation and pre-emption reduces the reliability, and therefore, the performance of these UEs and potentially its peer UEs.
[bookmark: _Toc67921612][bookmark: _Toc68622589]The procedures to be specified to increase the reliability should work for all types of UEs.
To overcome this disadvantage, we propose a mechanism to enable a Type B UE to perform re-selection/pre-emption of reserved resources which is based on coordination messages from peer UEs. A Type B UE may be able to trigger re-selection and/or pre-emption of the reserved resources, upon receiving a resource coordination message(s) from a neighboring UE.
[bookmark: _Toc67562276][bookmark: _Toc67921620][bookmark: _Toc68622590]A Type B UE should trigger re-selection/pre-emption of its selected resources by receiving a coordination message sent from a peer UE(s) which can be contained in SL signaling a Type B UE is capable of receiving, e.g., PSFCH.
This scheme works properly for Type B UE since these UEs are able to monitor the PSFCH resource where the resource coordination message will be transmitted by the peer UEs and do not involve any extra specification impact since it follows the rules of NR Rel-16. On the other hand, in the multi-bit scheme, i.e., a map of resources as coordination mechanism, the Type B UEs are not able to receive the coordination message, and therefore, they are not enabled with re-selection/pre-emption mechanism.
[bookmark: _Toc67921613][bookmark: _Toc68622591]Enabling Type B UEs to perform re-selection/pre-emption of the reserved resources by using the 1-bit coordination message does not involve any extra specification impact and provides reliability enhancements.
In the next section, we include a detailed analysis of this situation, showing the large gains in system performance that can be achieved when Type B UEs exploit the 1-bit inter-UE coordination messages.
[bookmark: _Ref68080866]4	Numerical evaluation
4.1	Simulation results for 1-bit Inter-UE coordination
In this section, we present a numerical evaluation of a resource coordination scheme using 1-bit messages. We first compare the performance of the following two options:
· O1 – Full Sensing UEs using the Rel-16 sensing and resource allocation procedure. This is the baseline.
· O2 – Full Sensing UEs using inter-UE coordination with 1-bit messages.
· Upon receiving a new reservation, a UE checks if the reservation overlaps some other reservation received earlier. If there is an overlap and the RSRP associated new reservation exceeds a certain threshold, the UE sends one bit. 
· Inter-UE coordination messages transmitted by multiple UEs (but related to the same reservation) use the same resource and are combine in the same way HARQ-NACK is combined for Groupcast Option-1 in the Rel-16 specification.
· Upon receiving an inter-UE coordination message, a UE drops the concerned reservation and reselects resources.
Other than the variations described in the preceding bullets, option O2 uses the Rel-16 sensing and resource allocation procedures for Mode 2. That is, if sensing results are available, they are used as mandated by the specification; re-evaluation and re-selection are used whenever appropriate; etc. Moreover, other than the variations described in the preceding bullets, the same UE implementation is used for all the options.
The PRR performance is shown in Figure 3. We observe two things. First, the use of inter-UE coordination boosts the system performance. The range of full sensing UEs for a given PRR is extended by around 50 m. Second, the impact of the threshold is not significant. For reference, the threshold used in the Rel-16 resource exclusion is -80 dBm. Other simulation assumptions are presented in the appendix.
[image: ]
[bookmark: _Ref68188862]Figure 3: PRR metric of 1-bit coordination scheme
[bookmark: _Toc68622592]Inter-UE coordination using 1-bit messages provides big improvements in terms of PRR performance.
We now analyse the benefits of inter-UE coordination for UEs that do not perform sensing (e.g., Type-A UEs in Partial Sensing). We consider the following two types of UEs that do not perform sensing:
· O3 – No Sensing UE
· The UE selects resources at random, without any sensing information.
· O4 – No Sensing with inter-UE coordination with single bit messages
· The UE selects resources at random, without any sensing information.
· After every transmission, the UE checks if it has received an inter-UE coordination message (single bit). If received, the UE drops the concerned reservation and reselects resources.
Figure 4 includes results from two simulations. In the first simulation, inter-UE coordination was not used (the resulting curves are those for O1 and O3). In the second simulation, inter-UE coordination was used (the resulting curves are those for O2 and O4). The results are presented for two distributions of Full Sensing and No Sensing UEs: the first one (solid curves) is approximately 90%/10%; the second one (dash-dotted curves) is 50%/50%.
We note that the use of inter-UE coordination not only significantly improves the performance of ‘Full Sensing’ UEs (O1 vs O2) but also that of ‘No Sensing’ UEs (O3 vs O4). Indeed ‘No Sensing’ UEs obtain the biggest advantage using inter-UE coordination.
[image: ]
[bookmark: _Ref68188928]Figure 4: PRR performance of 1-bit coordination message for different sensing capabilities
[bookmark: _Toc68622593]Inter-UE coordination using 1-bit messages is particularly beneficial in the presence of UEs that do not perform sensing by themselves.
[bookmark: _Ref68080782]Moreover, we analyse the performance of another scheme that uses 1-bit coordination messages but operates on the principle of collision detection instead of collision prevention. In this mechanism, the 1-bit coordination message is sent whenever any of the following conditions is met:
· A UE detects that a collision has taken place on a sub-channel (Figure 5, left).
· A UE detects that two UEs from the same group are in a half-duplex situation (Figure 5, right).
Transmission of the 1-bit coordination message takes place using PSFCH. Note also that the UE does not need to be one of the receivers of the packets. In fact, a half-duplex situation can only be detected by a third UE. We refer to this scheme as ‘Collision detection’ in the following.
[image: ][image: ]
[bookmark: _Ref62224977]Figure 5. Left: collision between the transmissions of two UEs and sub-sequent retransmissions, triggered by inter-UE coordination. Right: half-duplex situation for two UEs in the same group and subsequent retransmissions, triggered by inter-UE coordination.
In Figure 6, we compare the performance of:
· Baseline, following Rel-16 procedures.
· Collision prevention, which is the scheme for inter-UE coordination presented in Table 1 and analysed in the preceding sections.
· Collision detection, which is the scheme described earlier in this section.
· The combination of collision detection and collision prevention.
[image: ]
[bookmark: _Ref62225685]Figure 6: PRR performance of inter-UE coordination alternatives using 1 bit messages (collision prevention, collision detection)
We observe that each of the schemes on their own (red and green curves) provide gains:
· Collision prevention increases the range by 15%-20%
· Collision detection improves the PRR for short distances, achieving PRR=1 for nearby UEs. It also yields a small gain in terms of range.
The combination of both schemes (black curve) achieves both PRR=1 for nearby UEs and a gain in range. Interestingly, the increase in range is larger than the combination of gains from each of the schemes. Both schemes complement each other quite well in the sense that retransmissions are sent whenever necessary (collision detection) and they are protected from collision (collision prevention). 
The simulation assumptions are those found in the appendix except for the changes in the following table.
	Parameter
	Value

	Cast Mode
	Groupcast Option 1 with group distance = 500 m



4.2	Multi-bit and 1-bit framework PRR comparison
In this section, we provide numerical evaluations of resource coordination schemes using 1-bit or multi-bit messages. The purpose is to compare the performances of 1-bit coordination and multi-bit coordination with respect to the packet reception rate (PRR). For the multi-bit coordination simulation, the following is assumed in addition to the simulation assumptions in the appendix which are used for the 1-bit coordination framework.
· A set of preferred resources is generated, i.e., Type-A inter-UE coordination as defined in the RAN1 agreements.
· A receiving UE takes this set of resources into account when (re-)selecting its resources for transmission.
· A coordinator UE, i.e., the UE sending the multi-bit coordination message, has full sensing capabilities.
· A UE may only receive coordination messages from a single coordinator UE, e.g., coordinator UE is chosen by closest distance. 
· A coordination message is generated and sent when a coordinator UE detects a collision. 
· Perfect reception of coordination message is assumed, i.e., there is no re-transmission of the coordination message.

We compare the performance of the following options:
· Full Sensing UEs with 1-bit coordination
·  Same assumptions as O2 in Section 4.1
· Coordinator UEs with multi-bit coordination
· All UEs are capable of acting as coordinator UEs.
· Upon sensing a new reservation, i.e., checking the field included in 1st stage SCI, a coordinator UE checks whether the reservation overlaps with any other reservation sensed earlier. If there is an overlap and the RSRP associated with the new reservation exceeds a certain threshold, the UE sends a multi-bit message.
· The preferred resources at the coordinator UE side is selected in a similar process to the NR Rel-16 resource selection process, but without the 20% of total available resources limitation.
· Mixed UE (10%/90%) with multi-bit coordination
· Mixture of 140 Full Sensing UEs and 15 Coordinator UEs
· Mixed UE (50%/50%) with multi-bit coordination
· Mixture of 80 Full Sensing UEs and 75 Coordinator UEs

[image: ]
[bookmark: _Ref68188986]Figure 7: PRR performance of inter-UE coordination alternatives using 1 bit or multi-bit messages
As shown in Figure 7, the difference in PRR performance amongst the simulated methods is not significant. Considering that the above evaluation is based on assuming perfect reception of the multi-bit coordination message and also that the multi-bit messages have a higher signalling overhead (see Section 4.3), it is reasonable to consider that the 1-bit coordination scheme is more favourable under most of the situations due to the lower signalling (and potentially lower latency) and a similar performance in terms of reliability. 
[bookmark: _Toc68622594]Even under ideal conditions, the multi-bit coordination framework and the 1-bit coordination framework have a similar performance in terms of PRR value.
The simulation assumptions are those found in the appendix except for the changes in the following table.
	Parameter
	Value

	Cast Mode
	Groupcast Option 1 with group distance = 500 m

	Traffic Model
	Aperiodic medium intensity with packet size of uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes

	Inter-UE coordination message
	Multi-bit, ideal transmission (no overhead, error-free)


[bookmark: _Ref68189716]4.3	Signalling overhead calculations for 1-bit and multi-bit coordination message
In addition to the reliability metric previously analysed, another important aspect to be considered is the signalling overhead introduced by each of the coordination schemes. As defined in Section 2.1, the 1-bit coordination mechanism only uses one bit, e.g., PSFCH resource, to signal to the peer UE the need to re-select the resources. Therefore, using this scheme the signaling overhead is kept to a bare minimum.
[bookmark: _Toc68622595]The overhead introduced by the 1-bit coordination message is kept to a bare minimum, i.e., only 1 bit.
On the other hand, for the multi-bit coordination message, we have the following assumptions:
· The multi-bit coordination message is provided as an indication for each of the resources within a window 
· One option is to use: busy/idle indicator: 1-bit (0: Idle, 1: Busy)
· The other option is to consider RSRP level: One 7-bits + 4-bits differential (Similar to L1-RSRP measurements as indicated in TS 38.214)
· If we assume the window where the coordination message is defined, then the maximum time-frequency resource in a window is given by:
· Time: 32 slots (Assume same as max. reserve window) 
· Frequency: 27 (Max number of sub-channels as defined in NR SL Rel-16) 
· Therefore, the worst case in terms of used resources is: 32 x 27 = 864 resources
· Therefore, depending on the type of indication method used, i.e., either free/idle resources or RSRP levels, the coordination message will require either 864 bits or 3459 bits for RSRP values.

[bookmark: _Toc68622596]The overhead introduced by the multi-bit coordination message is extremely high when compared with the 1-bit coordination solution, making the multi-bit coordination not feasible for groupcast or broadcast scenarios.

5 	Summary 
The discussion in the preceding sections leads to the identification of the two alternative schemes for inter-UE coordination in Table 3.
[bookmark: _Ref61884021]Table 3. Components and applicability of the alternative inter-UE coordination schemes.
	(Scheme)
Message size
	Trigger
	RA impact
	Signalling
	Applicable cast modes

	
	
	
	Enquiry 
	Coord. message
	UC
	GC
	BC

	1-bit
	Condition
	Reselection trigger
	N/A
	PSFCH
	Yes
	Yes
	Yes

	Multiple bits
	Enquiry
	Input to sensing
	SCI
	Higher layer
	Yes
	Limited
	No


Given that the single-bit reselection trigger is applicable to all casting modes, our proposal is to focus the current work on it. Moreover, based on the signalling overhead introduced by each scheme along with the potential specification impact, it is preferable to specify as main solution the 1-bit coordination framework.
[bookmark: _Toc68622599]Inter-UE coordination using 1-bit messages is supported for unicast, groupcast, and broadcast and for periodic and aperiodic traffic.
[bookmark: _Toc68622600]RAN1 to support the specification of inter-UE coordination using 1-bit messages:
· [bookmark: _Toc68622601]UE-A sends the inter-UE coordination message to UE-B whenever it detects a collision concerning a reservation made by UE-B.
· [bookmark: _Toc68622602]The coordination message is transmitted using PSFCH channel (i.e., sequence based).
· [bookmark: _Toc68622603]Transmissions from different users may combine in an SFN manner at the receiver.
· [bookmark: _Toc68622604]After receiving the inter-UE coordination message, UE-B drops the corresponding reservation and reselects resources.
[bookmark: _Toc68622605]Inter-UE coordination using 1-bit messages is also supported by Type-B power saving UEs.
6	Conclusion
In the previous sections we made the following observations: 
Observation 1	The main objective of the Inter-UE coordination mechanism is to provide an increase in reliability and latency while obtaining a feasible and beneficial solution, e.g., limiting as much as possible the signalling overhead and specification impact.
Observation 2	RAN1 strives for a common inter-UE coordination scheme that benefits all unicast, groupcast and broadcast scenarios.
Observation 3	The selected Inter-UE coordination mechanism(s) should be feasible and benefit transmission reliability and latency for every traffic type, i.e. periodic and aperiodic, without introducing excessive overhead or specification impact.
Observation 4	The inter-UE coordination message format/size determines the main aspects of the inter-UE coordination framework and should be the main point to design the framework and related procedures.
Observation 5	Type B and Type C inter-UE coordination mechanism consist of 1-bit inter-UE coordination message format.
Observation 6	For inter-UE coordination using 1-bit messages, a PSFCH format is suitable. Transmissions from different users are combined in an SFN manner at the receiver.
Observation 7	Using the 1-bit coordination message the signaling overhead is as low as possible, i.e., only 1-bit is needed, making the framework feasible for all scenarios.
Observation 8	The 1-bit coordination message has a defined latency upper-bound, i.e., based on the (pre-)configured location of the PSFCH resources.
Observation 9	The 1-bit coordination message transmission reuses the NR SL Rel- 16 procedures for PSFCH resource allocation reducing the specification impact.
Observation 10	The 1-bit coordination message creates a common framework for Type B and Type C mechanisms and exploits the benefits of both schemes.
Observation 11	For inter-UE coordination using 1-bit messages, UE-A can be any UE which detects resource conflict and UE-B is the one which performs reservation of the resources.
Observation 12	The hidden node and half-duplex issues are more efficiently solved if every UE can transmit the coordination message.
Observation 13	Multi-bit coordination message contains information about many resources (e.g.        preferred and non-preferred resources under Type A and Type B scheme, respectively).
Observation 14	Multi-bit coordination messages are suitable as an aid for selecting resources rather than to notify about collisions or conflicts.
Observation 15	Due to the high signal overhead introduced by the multi-bit coordination message, it is not feasible for groupcast and broadcast scenarios.
Observation 16	The time to receive the coordination message (affecting the latency of transmission) is not deterministically upper-bounded as in the case of the 1-bit coordination message.
Observation 17	In case of using an enquiry-based framework for the multi-bit coordination mechanism, the latency is increased due to the time to transmit the enquiry and the waiting time for the coordination message reception.
Observation 18	The procedures to be specified to increase the reliability should work for all types of UEs.
Observation 19	A Type B UE should trigger re-selection/pre-emption of its selected resources by receiving a coordination message sent from a peer UE(s) which can be contained in SL signaling a Type B UE is capable of receiving, e.g., PSFCH.
Observation 20	Enabling Type B UEs to perform re-selection/pre-emption of the reserved resources by using the 1-bit coordination message does not involve any extra specification impact and provides reliability enhancements.
Observation 21	Inter-UE coordination using 1-bit messages provides big improvements in terms of PRR performance.
Observation 22	Inter-UE coordination using 1-bit messages is particularly beneficial in the presence of UEs that do not perform sensing by themselves.
Observation 23	Even under ideal conditions, the multi-bit coordination framework and the 1-bit coordination framework have a similar performance in terms of PRR value.
Observation 24	The overhead introduced by the 1-bit coordination message is kept to a bare minimum, i.e., only 1 bit.
Observation 25	The overhead introduced by the multi-bit coordination message is extremely high when compared with the 1-bit coordination solution, making the multi-bit coordination not feasible for groupcast or broadcast scenarios.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The 1-bit coordination framework (as part of Type B and Type C schemes) is supported as the main solution for the inter-UE coordination since it fulfils the requirements of enhancing the latency and the reliability while incurring in a minimal overhead and specification impact.
Proposal 2	The multi-bit coordination mechanism is not specified as part of the inter-UE coordination framework
Proposal 3	Inter-UE coordination using 1-bit messages is supported for unicast, groupcast, and broadcast and for periodic and aperiodic traffic.
Proposal 4	RAN1 to support the specification of inter-UE coordination using 1-bit messages:
	UE-A sends the inter-UE coordination message to UE-B whenever it detects a collision concerning a reservation made by UE-B.
	The coordination message is transmitted using PSFCH channel (i.e., sequence based).
o	Transmissions from different users may combine in an SFN manner at the receiver.
	After receiving the inter-UE coordination message, UE-B drops the corresponding reservation and reselects resources.
Proposal 5	Inter-UE coordination using 1-bit messages is also supported by Type-B power saving UEs.
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Appendix – Simulation Assumptions
Table 4 contains the different simulations assumptions used for generating the results presented in this contribution. Other assumptions and models follow TR 37.885 [4] and TR 38.885 [5].
[bookmark: _Ref61607005][bookmark: _Ref61607002]Table 4: Simulation assumptions
	
	Parameter
	Value

	Scenario
	Deployment
	Highway Option A

	
	Number of UEs
	155 (As determined by TR 37.885 [4])

	
	Channel models
	See TR 37.885 Error! Reference source not found.

	Traffic
	Model
	Aperiodic medium intensity with fixed packet size 800 bytes

	
	PDB
	50 ms

	
	Cast Mode
	Groupcast Option 2 with group distance = 500 m

	RF
	Carrier frequency
	6 GHz

	
	Bandwidth
	40 MHz

	
	SCS
	30 kHz

	
	Antenna configuration
	2 TX / 2 RX

	Pool configuration
	Sub-channels
	4

	Scheduling
	Max. transmissions per TB
	4

	
	Reservations per SCI
	1

	
	Gap between retransmissions
	2 slots

	
	MCS
	16QAM with CR=1/2

	Sensing
	RSRP threshold
	-80 dBm
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