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Introduction
The work item for NR V2X was approved [1] in RAN#83 and the objectives were identified in relation to physical layer structures:
	1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]



In the previous meeting in RAN1#96bis, the following agreements were made [2]:
· The starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.
· For the purpose of evaluation of PSCCH design, RAN1 assumes 60 bits, 90 bits, 120 bits as the total SCI sizes including 24 bits CRC.
· Other sizes are not precluded.
· At least for transmission perspective of a UE in a carrier, at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format for sidelink in a slot.
· FFS the details of the corresponding PSFCH format
· FFS whether it is also applicable from system/resource pool perspective or not
· i.e., in this case, there is no simultaneous transmission of PSCCH and PSFCH and there is no simultaneous transmission of PSSCH and PSFCH.
· FFS FDM between PSCCH/PSSCH and a PSFCH format which uses last symbol(s) available for sidelink in a slot 
· FFS TDM/FDM between PSCCH/PSSCH and other PSFCH format(s), if supported, which is/are different from the PSFCH format which uses last symbol(s) available for sidelink in a slot
In this contribution, we propose different solutions for the SL resource pool designs, with particular focus on the control channel design.

Resource Pools Defined in SL BWP
This section delves into Issue 1 and Issue 2 of [3], which includes the introduction of resource pools within the SL BWP, along with the possible designs, definitions and configuration options of resource pools and slot formats.
Configuration of Resource Pools in SL BWPs
Resource pools can be configured within a BWP by the gNB, and the configuration information can be provided to the UEs when operating in Mode 1, in either of the following methods:
· RRC configuration of the BWP with the resource pools defined within them, provided by the gNB to the UEs, or
· RRC configuration of the BWP, provided by the gNB to the UEs, after which the gNB, based on prevalent traffic and QoS conditions, provides the UEs with the configuration of the resource pools within the BWP via RRC signaling or DCI messages.
When the UEs operate in Mode 2, the gNB can also provide cell-specific BWP pre-configurations or pre-configured BWPs with resource pools defined within them when the UE is in coverage.
Observation 1: The configuration of resource pools within a BWP can be provided via RRC configurations by the gNB.
Separation of SL BWP into Multiple Resource Pools
The definition of multiple resource pools within a SL BWP opens up the possibility of assigning individual resource pools for different purposes to a UE, thereby segregating the BWP. This would result in less competition among UEs requiring resources that meet stringent reliability and latency requirements.
The different resource pool configurations could utilize the same bitmap across time, but different sub-channel definitions, in an FDM manner. This ensures that the UEs always have resources to transmit or receive on for any given separation criteria. Nevertheless, this can cause a half-duplex problem. Hence, resource pools would have to be defined with different non-overlapping time patterns across the available sub-channels, as discussed previously in our contribution in [4]. The effect of latency due to the UE waiting for a resource pool of a given communication type or operation mode can be greatly reduced by using a higher SCS, and can be mitigated by using appropriate bitmaps across time. It is also possible to define the resources within the resource pools using time-frequency resource patterns (TFRPs), as proposed in [5].
Proposal 1: We propose to configure the multiple resources pools for a UE in non-overlapping time resources, in order to avoid any potential half-duplex issues. The resource pools can also be defined using TFRPs.
The different criteria under which the BWP could be separated into resource pools are listed below:
· Communication Types – Broadcast, Groupcast and Unicast
Each of the communication types have different reliability and latency requirements that have to be adhered to. Hence, the definition of resource pools for each communication type would ensure that there is no contention for resources across different communication types and would enable the efficient segregation of resources based on the requirements to be met. 
Due to the introduction of the feedback channel (PSFCH) only for unicast and groupcast communications, but not for broadcast communications, the design for the broadcast resource pool would vary from that of the unicast and groupcast resource pools. 
Based on the agreement in the previous meeting where the periodicity of the PSFCH is configurable for a given resource pool [2], it is possible for a UE to be provided with a configuration of a resource pool with PSFCH to be used for unicast and groupcast communications, and another resource pool without PSFCH for broadcast communications. This enables higher resource usage efficiency, since otherwise, resources configured for PSFCH would remain unused and wasted in case of broadcast communications.
If a common resource pool, across communication types, is defined over 10240 time slots (as is the maximum size of a resource pool in LTE V2X), with a slot containing 14 symbols each (maintaining an SCS of 15kHz), with 3 symbols of each slot defined for PSFCH, the percentages of unused resources can be calculated, as seen in Table 1. Different percentages of resources being used for broadcast communication are considered, along with different configurable periodicities N of the PSFCH, as agreed in [2].
	Percentage of Resources used for Broadcast Communications in a Common Resource Pool 
	33%
	50%
	100%

	Percentage of Unused Resources with Periodicity of PSFCH, N = 1
	7.14%
	10.71%
	21.43%

	Percentage of Unused Resources with Periodicity of PSFCH, N = 2
	3.57%
	5.36%
	10.71%



Table 1: Percentage of unused resources in a resource pool with PSFCH configured for broadcast.
Based on the analysis above, the number of resources left unused reduces with the increase in the periodicity of the PSFCH as well as with the decrease in the number of resources used for broadcast communications. The selection of lesser number of PSFCH symbols would also reduce the number of unused symbols. However, there would be a significant waste of resources in the case where a common resource pool is used with PSFCH defined for broadcast communications. Hence, providing configurations of resource pools with and without the feedback channel being incorporated would be an advantageous design choice.
· Operation Modes – Mode 1 and Mode 2
Separation of the BWP based on the operation modes would enable different procedures to be followed in these resource pools. This can be particularly advantageous for the requirement where UEs can simultaneously operate in both modes, for traffic being generated by different applications.
This also opens up the possibility of reducing the reporting of the congestion status of a common resource pool that a Mode 1 UE would have to carry out to the gNB. This is so that the gNB is aware of the resources being used by Mode 2 UEs in the common resource pool.
The alternative of using a single resource pool across the operation modes with Mode 1 UEs providing assistance information to the gNB is discussed in our accompanying contribution in [6]. A robust dual control channel design for the operation of both Mode 1 and Mode 2 UEs within the same resource pool is also discussed in Section 4.2 below.
A combination of the above listed criteria – separation of resource pools based on operation modes and communication types opens up the possibility of having a single resource pool for Mode 1, where all the communication types operate, and multiple pre-configured resource pools for Mode 2, where each resource pool corresponds to a particular communication type. In Mode 1, this is advantageous even in highly congested scenarios because the gNB is responsible for the allocation of resources based on the reliability, priority and latency requirements of each transmission of the UEs. Even though the PSFCH is defined in this resource pool, an intelligent selection of the PSFCH periodicity would enable the gNB to schedule broadcast communications on resources without the PSFCH, thereby reducing the unused symbols. This also reduces the reporting of congestion status of a common resource pool that Mode 1 UEs would have to provide to the gNB.
On the other hand, in Mode 2, the UEs can be pre-configured by the gNB with resource pools for different communication types. In the absence of a centralized scheduler, the separation of resource pools in Mode 2 reduces the competition for resources among UEs that meet stringent operational requirements, i.e. resources that ensure high reliability with low latency. 
The combination of the criteria also facilitates the reduced signaling required for the configuration of the resource pools. The gNB needs to provide only a single configuration to Mode 1 UEs, which is similar to LTE V2X, and only the signaling for pre-configured resource pools provided to the UE would be larger due to the definition of multiple resource pools for each communication type.
Based on the above analysis, we have identified 3 possible options for the separation of resource pools within an SL BWP:
Option 1: Separation based on the communication type alone, with UEs operating in both Mode 1 and 2 using these resource pools, which can be realized in the following two ways:
a. Individual resource pools for unicast, groupcast and broadcast communications, or 
b. A separate resource pool for unicast and groupcast communications, and another resource pool for broadcast communications, the defining factor being the presence of the PSFCH in the former and its absence in the latter.
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Option 1a: Individual resource pools for unicast, groupcast and broadcast
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Option 1b: Separate resource pool for broadcast and another resource pool for unicast/groupcast


Figure 1: Separation of BWP into Multiple Resource Pools based on the Communication Type
Both options 1a and 1b are depicted in Fig. 1, with the PSFCH defined in the resource pools for unicast and groupcast communications, but no PSFCH is defined in the resource pool configured for broadcast communications.
Option 2: Separation based on the operation modes - separate resource pools for Mode 1 and Mode 2, with all communication types using the respective pools, as seen in Fig. 2. Both the resource pools have PSFCH defined.
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Figure 2: Separation of BWP into Multiple Resource Pools based on the Operation Modes
Option 3: A single resource pool for Mode 1, with all communication types using this pool, and multiple resource pools for Mode 2, based on the communications type. In Fig. 3, a common resource pool for all communication types is used for Mode 1 UEs with the PSFCH defined, whereas two different resource pools are used for Mode 2 UEs – one for unicast and groupcast communications with the PSFCH defined, and one for broadcast communications without the PSFCH defined.
Resource Pool Configuration with PSFCH Periodicity N=2 for Mode 1
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Resource Pool Configuration without PSFCH
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Figure 3: Separation of BWP into Multiple Resource Pools based on Operation Mode and Communication Type
Proposal 2: We propose to configure multiple resource pools within an SL BWP based on either
· the communication type (unicast, groupcast and broadcast), or
· the operation modes (Mode 1 and Mode 2), or
· the combination of operation modes and communication types.
Slot Formats for SL BWP
NR V2X based on NR sidelink may be deployed in dedicated carriers, e.g. in ITS spectrum, or in shared carriers, i.e. V2X shared with cellular services [7]. For the case of dedicated carriers, all symbols in a slot are available for SL, whereas for the case of shared carriers, only a subset of symbols in a slot may be available for SL and has to be shared with slot symbols dedicated for Uu. Both dedicated and shared carrier deployments, therefore, require signaling of respective slot formats indicating which symbols in a slot are available for NR sidelink.  
Observation 2: Deployment of NR sidelink in both dedicated and shared carriers requires signaling of slot formats indicating which symbols in a slot are available for NR sidelink.
When a UE is using a shared carrier for sidelink communication, interference to other cellular communications, e.g. ongoing downlink transmissions from other gNBs, should be avoided. Interference to downlink transmissions could be prevented by using only uplink slots/symbols (U) for sidelink communications in a shared carrier. However, this may limit the resources available depending on the configured number of uplink symbols in a slot. Therefore, usage of flexible symbols/slots (F) should also be facilitated for shared carriers in order to increase the available resources for sidelink. 
Proposal 3: In a shared carrier, NR sidelink communications can use resources from both uplink (U) slots/symbols and flexible slots/symbols (F).
In NR, cell-specific slot formats can be combined or overwritten with device-specific slot formats. This feature is also beneficial for NR sidelink use cases. For instance, in a shared carrier (Uu), a cell-specific slot configuration can be overwritten by a group-specific configuration for sidelink UEs in a groupcast scenario or by two UEs in a unicast scenario. This way, flexible configurations for sidelink broadcast, groupcast and unicast can be achieved. When adopting the NR flexible slot format for NR sidelink, a dedicated classifier ‘sidelink’ (S) should therefore be introduced for OFDM symbols by overwriting the existing classifiers for ‘uplink’ (U) and ‘flexible’ (F), indicating which symbols in a slot are available for NR sidelink. 
[image: ]
Figure 4: Examples of possible flexible slot formats for NR sidelink in dedicated and shared carriers 
Fig. 4 depicts possible slot formats for NR sidelink in dedicated and shared carrier deployments. Example 4a) shows a slot format suitable for dedicated SL carriers where all symbols in a slot are classified as ‘sidelink’ (’S’). This slot format could also be used for shared carriers when multiplexing sidelink resources is performed on a slot level and not on symbol level. In comparison with example a), example b) has ‘flexible’/’F’ symbols at the start and end of the slot, which could be used, e.g., as guard symbols when switching between transmission and reception on shared and dedicated carriers. Example c) shows a slot format with D, U, and F slots without S slots, which can be a cell-specific slot format in a shared carrier. Examples d) and e) show a group/device-specific slot format based on the cell-specific configuration in example c), where all or parts of the flexible slots are overwritten as sidelink S. Examples f) and g) show further examples based on example c), where either a part or all of the available U/F slots are overwritten for sidelink S.
Proposal 4: Overwrite slot formats for NR sidelink in dedicated and shared carriers with specific indication (‘S’) of which symbols in a slot are dedicated for sidelink.

Multiplexing between PSCCH/PSSCH and PSFCH
This section discusses the issues regarding the multiplexing of the PSCCH/PSSCH with the PSFCH, which pertains to Issue 3 of [3].
According to the agreement made in the study phase [7], the time gap between the PSSCH and its corresponding HARQ feedback on the PSFCH is pre-configured. Based on this understanding, the transmitting UEs would be aware of the time slot in which the feedback for a given transmission is to be received. The agreement in the previous meeting [2], where the periodicity of the PSFCH is configurable for a given resource pool, would essentially means that the time gap would be based on the periodicity of the PSFCH defined in a resource pool.
Observation 3: Based on the agreement made regarding the time gap and the definition of the PSFCH, the time gap would be based on the periodicity of the PSFCH defined in a resource pool.
In a TDM based design for the multiplexing of the PSCCH/PSSCH with the PSFCH, it is assumed that one symbol or a few of the symbols at the end of the time slot would be defined for the PSFCH. The advantage of such a design is that a UE could possibly define a time gap of 1 slot (where the PSCCH/PSSCH is transmitted in slot n and the feedback is transmitted in slot n+1) for a resource pool with the PSFCH periodicity N set to 1 (every time slot). This would enable the UE to transmit packets with very low latency and high reliability attached to that packet. 
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Figure 5: Multiplexing of PSCCH/PSSCH with PSFCH in a TDM manner
The TDM design reduces the effect of half-duplex, where a UE can easily receive control and data in slot n+1 and then transmit the feedback for an earlier transmission on the PSFCH. These advantages are seen in Fig. 5, where a unicast link is assumed between UE1 and UE2, with a time gap of 1 slot, and a PSFCH periodicity of N=1.
Proposal 5: We propose to support the multiplexing of PSCCH/PSSCH with the PSFCH in a TDM manner.

PSCCH Design
This section explores the possible designs of incorporating a dual control channel in order to pave the way for an efficient pre-emption mechanism as well as for both Mode 1 and Mode 2 operating in the same resource pool, which is discussed in Issue 4 of [3].
2-stage SCI Dual Control Channel Design
The decision to have the control channel TDMed with the data channel was based on the understanding that UEs would be able to decode the PSCCH first and determine as to whether the data following it was meant for the said UE or not. This would result in an increase in the operational efficiency of the UE.
With the possibility of pre-emptive resource reservation for high priority transmissions by a UE, other UEs should be capable of decoding the reservation information in advance in order to ensure that the resource requested by the high priority transmission is not being used. Other UEs having scheduled low priority transmissions will in turn vacate the resource requested. The pre-emption of resources is essentially defined as the first stage of the SCI, which require control messages without any data linked to it, but instead point to other control messages, which can be defined as the second stage of the SCI. It is also important to note that the pre-emption control message is decodable by all UEs, in order to decode and understand which resources are reserved in the future time slots.
With this motivation, we propose a common control channel or PSCCCH, where the first stage of the SCI can be transmitted and decoded by all UEs. The second stage of the SCI can be transmitted in the conventional PSCCH, which is attached to the PSSCH. The PSCCCH and the PSCCH can be defined within the control region agreed upon in the study phase, with both of them multiplexed to each other in a TDM or FDM fashion, as seen in Fig. 6.
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Figure 6: 2-stage SCI Dual Control Channel Design
In the TDM design, if the control region is defined to occupy a few RBs across the first 4 symbols within a time slot, the PSCCCH can occupy the first alone, or the first and second time slots, and is multiplexed with the PSCCH in the remaining time slots.
In the FDM design, the PSCCCH can be a set of RBs or a sub-channel spanning the duration of the defined control region. Since the PSCCCH would not need many resources to transmit the pre-emption messages, it would occupy one or two RBs in a time slot, and is multiplexed with the PSCCH in the remaining RBs of the control region. 
Observation 4: A common control channel will facilitate the pre-emptive reservation of resources for high priority transmissions.
[bookmark: _GoBack]Proposal 6: We propose to support the configuration of a common control channel, which is either FDMed or TDMed with the PSCCH in the control region of a time slot.
Operation Mode based Dual Control Channel Design
In the case where a UE utilizes a common resource pool for both the operation modes, Mode 1 and Mode 2, we propose a dual control channel design, where the SCIs for UEs operating in Mode 1 would be transmitted in a separate control channel, and the SCIs for UEs operating in Mode 2 would use another adjacent control channel. These control channels are TDMed to each other, as with the data, and would span one or two symbols across time within the time slot, as seen in Fig. 7.
Both the control channels are read by both modes of UEs, with the Mode 1 UEs being able to use the Mode 2 control region to transmit data only if it has sent out an SCI claiming the following data symbols in the given sub-channel.
The primary advantage of this design is that when a Mode 2 UE senses the Mode 1 control region and finds it to be vacant or empty, it can be guaranteed that no Mode 1 UE would use the data symbols following it. The only competition the Mode 2 UEs would have is with other Mode 2 UEs which also sense the availability of the resource at the same time. This is made possible with the Mode 2 UEs sensing only the Mode 1 control region, reducing the sensing burden of the UEs as well.
[image: ]
Figure 7: Operation Mode based Dual Control Channel Design
Proposal 7: We propose to support the operation mode based dual control design in order to mitigate the impact of collisions in resource allocation between Mode 1 and Mode 2 UEs.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Based on our analysis carried out in this contribution, we have the following observations:
Observation 1: The configuration of resource pools within a BWP can be provided via RRC configurations by the gNB.
Observation 2: Deployment of NR sidelink in both dedicated and shared carriers requires signaling of slot formats indicating which symbols in a slot are available for NR sidelink.
Observation 3: Based on the agreement made regarding the time gap and the definition of the PSFCH, the time gap would be based on the periodicity of the PSFCH defined in a resource pool.
Observation 4: A common control channel will facilitate the pre-emptive reservation of resources for high priority transmissions.
Based on these observations, we propose the following:
Proposal 1: We propose to configure the multiple resources pools for a UE in non-overlapping time resources, in order to avoid any potential half-duplex issues. The resource pools can also be defined using TFRPs. 
Proposal 2: We propose to configure multiple resource pools within an SL BWP based on either
· the communication type (unicast, groupcast and broadcast), or
· the operation modes (Mode 1 and Mode 2), or
· the combination of operation modes and communication types.
Proposal 3: In a shared carrier, NR sidelink communications can use resources from both uplink (U) slots/symbols and flexible slots/symbols (F).
Proposal 4: Overwrite slot formats for NR sidelink in dedicated and shared carriers with specific indication (‘S’) of which symbols in a slot are dedicated for sidelink.
Proposal 5: We propose to support the multiplexing of PSCCH/PSSCH with the PSFCH in a TDM manner.
Proposal 6: We propose to support the configuration of a common control channel, which is either FDMed or TDMed with the PSCCH in the control region of a time slot. 
Proposal 7: We propose to support the operation mode based dual control design in order to mitigate the impact of collisions in resource allocation between Mode 1 and Mode 2 UEs.
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