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1. [bookmark: _GoBack]Introduction
In Rel-16, an initial release of sidelink is introduced in NR [1], mainly targeting eV2X services in TR 22.886 [2] and TS 22.186 [3]. In Rel-17, an enhancement for NR sidelink is introduced to support use cases beyond Rel-16 eV2X, such as communication between vehicle-UE (VUE) and pedestrian-UE (PUE) or D2D communication, and to enhance the reliability as well as reduce the latency of mode-2 resource allocation. 
However, the current version of NR sidelink still cannot meet the rising market need of various new use cases, such as AR/VR, personal IoT communication, etc. In this contribution, the motivations and potential further enhancements for NR sidelink are discussed.

2. Motivations
2.1. Personal IoT Networks
NR has been extended to support industrial IoT area where a large volume of traffic stays within the local area. Similarly, there are other customer areas where communications are predominately within the a localized IoT network, called personal IoT networks, as currently identified by SA1 [5].
· Home automation
Figure 1 shows an example of home automation, where there are a number of devices in the home communicate directly or indirectly with each other. 
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[bookmark: _Ref18512890]Figure 1 An example of home automation network
The personal IoT network is very different to the industrial IoT network. Moreover, these personal devices are very different to industrial IoT devices, as they are usually less rugged, most highly battery constrained and lifespan of the battery typically a couple of days or weeks.
· Wearable devices
Figure 2 shows another example of wearable network, where the smartphone acts as a center device for all the IoT devices.
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[bookmark: _Ref73538114]Figure 2 An example of wearable personal network
In this network, the battery life and processing capability can be severely constrained by the physical dimension limitations for sensor, earbuds, etc. The space is at a premium for the them: even a small chip takes up valuable space. On the other hand, the traffic could be very high in this personal network for, e.g., eXtended Reality (XR) and gaming, as discussed in section 2.2. 
In any case, the personal IoT network is installed and maintained by a consumer, not a telecom or wireless specialist/professional. Thus, a solution requiring specialized administration and management to the consumer is not possible. It is preferable that such works can be delegated to the operator. As a result, NR sidelink is the most suitable technology to enable 3GPP system in the personal IoT market.
On the other hand, it is likely that these personal IoT devices are not served by a same operator. Nonetheless, Rel-17 NR sidelink can only operate in licensed band or ITS band, thus may be difficult to operate in this case. Moreover, although power saving mechanism is being introduced to NR sidelink in Rel-17, the current improvements being considered are quite preliminary. Consequently, the power consumption as well as the complexity are still too high for at least some of the personal IoT devices. Therefore, further enhancements for NR sidelink are desirable to support personal IoT network.
[bookmark: _Ref47709824]Observation 1: NR sidelink is the suitable technology to enable 3GPP system in the personal IoT market.  
[bookmark: _Ref73557002]Observation 2: Shared spectrum is necessary for NR sidelink operation among various personal IoT devices.  
[bookmark: _Ref73558376]Observation 3: Further power saving enhancements as well as cost reduction are essential for NR sidelink to support personal IoT network.  

2.2. [bookmark: _Ref73544001]XR and gaming
XR and gaming is the acknowledged killer applications for glasses, Head Mounted Displays (HMDs), etc. SA1 has identified the use cases and requirements in Network Controlled Interactive Services: NCIS (TR 22.842) [6]. Sidelink is identified as an important use case for XR, e.g., consume VR content via tethered VR headset in the interactive service. SA2 has defined the corresponding PQI (Table 1) for such kinds of requirements, where end-to-end latency is 5-10 ms and the required data rate requirement is 0.1-10 Gbps with reliability 99.99%. 
[bookmark: _Ref18591662]Table 1 New Standardized PQIs for commercial service
	PQI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Default Maximum Data Burst Volume
	Default
Averaging Window
	Example Services

	New value#1
	Delay Critical GBR
	5
	5ms

	10-4
	20000 bytes
	2000 ms
	Interactive service - consume VR content with high compression rate via tethered VR headset

	New value#2
	
	6
	10ms

	10-4
	20000 bytes
	2000 ms
	interactive service - consume VR content with low compression rate via tethered VR headset;
Gaming or Interactive Data Exchanging;



However, RAN1 has evaluated and concluded that the current release of NR sidelink cannot support the required data rate [7]. Further, currently there is no suitable spectrum/bandwidth to support this kind of commercial service. 
Moreover, RAN1 has already started the evaluation of XR for Uu in Rel-17 [8]. It is acknowledged that beside the throughput and capacity problem, the power consumption is also an important issue to be resolved for XR and Cloud Gaming, even though the DRX as well as other mechanism (such as WUS) have been supported. Consequently, it can be obvious that further power saving enhancements are still desirable for sidelink to support XR and gaming.
[bookmark: _Ref73557004]Observation 4: Rel-17 NR sidelink cannot support the required data rate of some XR and gaming use cases.  
[bookmark: _Ref73557007]Observation 5: Further power saving enhancements are desirable for NR sidelink to support XR and gaming.  

2.3. eV2X
V2X has been supported by NR sidelink from Rel-16. However, some eV2X use cases and requirements cannot be supported. 
In TR 22.886 and TS 22.186, extremely high data rate requirement is observed, e.g., for sharing high-resolution data or raw data of on-board sensor, 10Mbps, 25Mpbs, 50Mbps and even 100-1000Mbps data rate per UE is requisite. Such high data rate can hardly be supported using the assigned ITS band (not larger than 40MHz). Obviously, it is difficult to assign more spectrum for sidelink in FR1. Although FR2/2X may have larger bandwidth, unfortunately NR sidelink is not optimized, or even not possible, to operate in FR2/2X. Enhancements to support additional spectrum are necessary.
Besides, in Rel-17, the power saving mechanisms being introduced mainly concern the communication between VUE and PUE, i.e., P2V and V2P. The VRU use cases, such as footpaths sharing for pedestrians/bicycles [9], are still missing. 
Moreover, the Rel-17 sidelink power saving enhancements focus on introducing DRX and sensing reduction. Although they are beneficial especially for unicast, there are still a large portion of power consumption that can be reduced or eliminated. 
The proportions of different behaviors in total power consumption of the PUE (i.e., the average value of all the UEs) in system level simulations are shown in Figure 3 to Figure 5 [10]. The power consumption of Sensing accounts for the most significant part of total power consumption, especially in the unicast scenario. Besides, the PSFCH transmission and PSSCH reception also occupy significant parts of total power consumption in both groupcast option 1 and option 2 scenarios. 
Although the mechanism of sensing reduction and DRX in Rel-17 can be used for mitigating the Sensing power consumption, additional mechanisms for mitigating the power consumption of PSFCH transmission should be supported.
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	[bookmark: _Ref61856442]Figure 3 Power consumption in groupcast option1
	[bookmark: _Ref61705020]Figure 4 Power consumption in groupcast option 2
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	[bookmark: _Ref61704994]Figure 5 Power consumption in unicast



Thus, further power saving mechanisms should be considered for sidelink.
[bookmark: _Ref73557008]Observation 6: Enhancements to support additional spectrum for NR sidelink are necessary for eV2X.  
[bookmark: _Ref73557012]Observation 7: Additional power saving mechanism (e.g., to reduce the power consumption of PSFCH transmission) is important for eV2X (e.g., VRU).  

3. Further sidelink enhancements
As discussed in previous section, further sidelink enhancements in Rel-18 are essential to enable new market opportunities and to support additional use cases, especially the support of new (and wider) spectrum and further power saving enhancement.
3.1. Additional spectrum
In order to support higher data rate requirement for certain use case such as AR/VR and etc., it is inevitable to exploit FR2/2X spectrum especially considering very limited spectrum available in FR1. For V2X, in Europe 63-64 GHz frequency bands have been allocated for ITS on harmonized use basis [11]. For XR, FR2/2X spectrum is probably the best solution, or even the only solution, due to the ultra-high demand on bandwidth. It is important and urgent to enable NR sidelink operation in the market, to compete with other technology (e.g., 802.11ay). Optimizations such as higher SCS, beam management, multiple antenna panels and enhanced resource allocation mechanism, can be considered. 
Moreover, as discussed above, interoperation among different devices from same or different operators are important for personal IoT network. Thus, shared/unlicensed spectrum should also be considered for sidelink operation, including LBT-based and non-LBT-based mechanism. It is also beneficial for V2X to deploy use cases requiring extremely high data rate in assist to the ITS band.
[bookmark: _Ref534562496]Proposal 1: Support of additional spectrum beyond R16/R17 should be investigated for Rel-18 NR sidelink enhancements, such as FR2/2X bands, licensed/unlicensed band, etc. 
The candidates for additional spectrums are summarized in the following table as well as the required standardization works:
Table 2 Candidate spectrums
	Spectrum Type
	Required Standardization work
	Note

	FR1 unlicensed band
	Resource allocation mechanism design to follow channel access requirement with omni-directional LBT
SL channel/signal structure as well as procedure optimization to accommodate LBT failure
	5G&6GHz band

	FR2 licensed band
	Beam management support for sidelink
Resource allocation mechanism design to fit beam management procedure
	24.25-52.6GHz

	FR2X licensed band
	Beam management support for sidelink
Resource allocation mechanism design considering beam management procedure
SL channel/signal and timeline adaptation to higher SCS
	63-64GHz (ITS band in Europe)
66-71GHz (IMT band)

	FR2X unlicensed band
	Beam management support for sidelink
Resource allocation mechanism design considering beam management procedure and/or channel access requirement with directional LBT or receiver-assisted LBT
SL channel/signal and timeline adaptation to higher SCS
	57-71GHz



It is obvious that the required standardization works are different for different spectrum types. The specification impact seems significant if Rel-18 sidelink supports all of them. Therefore, the priority among them (especially for FR1 and FR2/2X) should be discussed considering the commercial need, in order to achieve a reasonable scope within Rel-18 timeline.
[bookmark: _Ref73968336]Proposal 2: The priority on support of additional spectrum types (e.g. FR1 or FR2/FR2X) in sidelink operation should be discussed to determine a reasonable Rel-18 WI scope.

3.2. Further power saving and cost reduction
For further power saving and cost reduction enhancements, some candidate solutions that discussed in early release can be introduced in Rel-18. 

· PA-less sidelink devices
In Rel-17, NR sidelink UE share the similar power class definition of Uu, e.g., up to 23 dBm maximum Tx power, which typically requires an external power amplifier (PA) to be equipped in the UE. Although this is suitable for some use cases such as V2X, it is not optimal for personal IoT or XR/gaming where the traffic is predominately within the localized area. Instead, it is highly desirable to remove this external PA because of the following reasons:
· Cost and device dimension reduction
According to TR 36.888, removal of the PA will result in a 10-12% overall relative cost saving. Moreover, it also helps to save the internal space, especially for some personal IoT device such as glasses frames, earbuds, blood pressure monitor, etc.
· Power efficiency improvement
The PAE (PA efficiency) is very low (less than 5%) when Tx power is 0-10 dBm. The bottom power of PA is still large even with adaptive power tracking (APT). Removal of the PA can further eliminate this part of power consumption, e.g., 180mW for N78 (which is 20x of idle standby power consumption).

· Sidelink wake-up signaling (SL-WUS)
WUS had been widely studied and identified as an efficient power-saving mechanism for UE configured with DRX, and finally introduced in Rel-16 in NR Uu interface. Considering that DRX is introduced in Rel-17 NR sidelink, naturally SL-WUS can also be supported in Rel-18 for extending the battery life of the power-limited UE.

· Further power saving mechanism beyond sensing reduction
As discussed before, PSFCH transmission takes significant power consumption especially for groupcast. There are some potential approaches that have been evaluated to reduce this power consumption, i.e., by reducing the transmitting power of a PSFCH occasion via sidelink open-loop power control (SL OLPC), or by reducing the number of PSFCH transmission occasions. Figure 6 to Figure 9 show the performance for SL OLPC based solution, while Figure 6 to Figure 9 show the performance for solution with longer PSFCH period. The evaluation results show significant power saving gain without notable PRR performance loss.
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	[bookmark: _Ref68278387]Figure 6 Average PRR in groupcast option 1
	[bookmark: _Ref68278439]Figure 7 Power consumption in groupcast option 1

	[image: ]
	[image: ]

	[bookmark: _Ref68278408]Figure 8 Average PRR in groupcast option 2
	[bookmark: _Ref68278478]Figure 9 Power consumption in groupcast option 2
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	[bookmark: _Ref68619912]Figure 10 Average PRR of different PSFCH period in groupcast option 1
	Figure 11 Power consumption of different PSFCH period in groupcast option 1
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	Figure 12 Average PRR of different PSFCH period in groupcast option 2
	[bookmark: _Ref68619030]Figure 13 Power consumption of different PSFCH period in groupcast option 2



[bookmark: _Ref73558397]Proposal 3: Enhancements of further power saving and cost reduction should be supported for NR sidelink in Rel-18, such as PA-less device, SL-WUS, and further power saving mechanisms beyond sensing reduction. 

4. Conclusion
In the contribution, we discuss various new scenarios for NR sidelink, and observe that:
Observation 1: NR sidelink is the suitable technology to enable 3GPP system in the personal IoT market.
Observation 2: Shared spectrum is necessary for NR sidelink operation among various personal IoT devices.
Observation 3: Further power saving enhancements as well as cost reduction are essential for NR sidelink to support personal IoT network.
Observation 4: Rel-17 NR sidelink cannot support the required data rate of some XR and gaming use cases.
Observation 5: Further power saving enhancements are desirable for NR sidelink to support XR and gaming.
Observation 6: Enhancements to support additional spectrum for NR sidelink are necessary for eV2X.
Observation 7: Additional power saving mechanism (e.g., to reduce the power consumption of PSFCH transmission) is important for eV2X (e.g., VRU).

Based on these observations, we propose that:
Proposal 1: Support of additional spectrum beyond R16/R17 should be investigated for Rel-18 NR sidelink enhancements, such as FR2/2X bands, licensed/unlicensed band, etc.
Proposal 2: The priority on support of additional spectrum types (e.g. FR1 or FR2/FR2X) in sidelink operation should be discussed to determine a reasonable Rel-18 WI scope.
Proposal 3: Enhancements of further power saving and cost reduction should be supported for NR sidelink in Rel-18, such as PA-less device, SL-WUS, and further power saving mechanisms beyond sensing reduction.
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