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1 Introduction
In RAN2#102, it was discussed how to take into account TX capability limitations when performing TX carrier selection, and in particular whether potential UE capability limitations should trigger carrier reselection or not. However, no conclusion on this issue was reached, and it is still open how capture that in MAC specification.

	From RAN2#102:

· Option1-1 and option1-2 will be specified in MAC. And for cases a) to d), if other WG specification (e.g. RAN1 or RAN4) has related definitions or requirements, we will refer them otherwise we’ll try to define cases by ourselves but if not feasible, we will revisit the issue. Details should be further discussed during the email discussion on 36.321 CR


In this contribution, we focus on the impact of UE capability limitations in MAC specification.

2 Discussion

Regarding how UE capability limitations impact TX carrier selection, RAN1 has achieved the following agreements in last RAN1 meetings:

	From RAN1#91 agreements:

· From RAN1 understanding, the limited TX capability means that the UE cannot support transmission(s) over carrier(s) in a subframe due to 

· (a) Number of TX chains smaller than the number of configured TX carriers or
· (b) UE doesn’t support the given band combination or
· (c) TX chain switching time or

· (d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance

· For a UE with limited TX capability, RAN1 considers the following options for resource selection in mode 4 CA.

· Option 1-1: When the UE performs the resource selection for a certain carrier, any subframe of that carrier shall be excluded from the reported candidate resource set if using that subframe exceeds its TX capability limitation under the given resource reservation in the other carriers.

· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.

· Option 1-2: If the per-carrier independent resource selection leads to transmissions beyond the TX capability of the UE in a subframe, UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources can be supported by the UE.

· FFS: whether it is up to UE implementation

· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.

· Option 2: After performing the per-carrier independent resource selection, the UE shall drop transmission in a subframe where using that subframe exceed its TX capability limitation. 

· FFS details of dropping rule, e.g., whether/how to consider PPPP and CBR

· FFS whether/how to consider other aspects (e.g., half duplex problem) in terms of resource selection

From RAN1#91 agreements:

· Case (b) includes unsupported carrier combinations as well as band combinations
For cases when limited tx capability the UE cannot support transmission(s) over carrier(s):
· The UE shall follow Option 1-1 for (a), (b), (c)

· Otherwise, the UE shall follow Option 1-2




Therefore, according to the above RAN1 agreements, for resource reselection related to UE capability issues the following two options have to be considered. 

· Option 1-1: When the UE performs the resource selection for a certain carrier, any subframe of that carrier shall be excluded from the reported candidate resource set if using that subframe exceeds its TX capability limitation under the given resource reservation in the other carriers.

· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.

· Option 1-2: If the per-carrier independent resource selection leads to transmissions beyond the TX capability of the UE in a subframe, UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources can be supported by the UE.
Let´s first analyse Option 1-1, and check how the current TS 36.321 looks like:

	From TS 36.321:

-
if the MAC entity is configured by upper layers to transmit using a pool of resources as indicated in subclause 5.10.13.1 of [8] based on sensing, or partial sensing, or random selection only if upper layers indicates that transmissions of multiple MAC PDUs are allowed according to subclause 5.10.13.1a of [8], and the MAC entity selects to create a configured sidelink grant corresponding to transmissions of multiple MAC PDUs, and data is available in STCH, the MAC entity shall for each Sidelink process configured for multiple transmissions:

<Text Omitted>

-
if transmission based on random selection is configured by upper layers:

-
randomly select the time and frequency resources for one transmission opportunity from the resource pool, according to the amount of selected frequency resources. The random function shall be such that each of the allowed selections can be chosen with equal probability;

-
else:

-
randomly select the time and frequency resources for one transmission opportunity from the resources indicated by the physical layer according to subclause 14.1.1.6 of [2], according to the amount of selected frequency resources. The random function shall be such that each of the allowed selections can be chosen with equal probability;
<Text Omitted>


In legacy, when sensing is configured, the resource selection takes into account only a subset of all resources, as indicated by physical layer, i.e. only those resources that are deemed to be available for transmission according to physical layer upon sensing operations. Now, Option 1-1, seems to hint that the resources that MAC selects should not contain those resources in which the UE may not be able to transmit, e.g. due to resources already reserved in other carriers. However, from MAC perspective it seems that the current specification does not need to be drastically changed, i.e. as for the case of sensing and partial sensing it can be clarified in MAC specification that MAC randomly selects the time-frequency resources from the resources indicated by physical layer which takes into account UE capability limitations and UE performance requirements, as specified in RAN4 spec TS 36.101.

Observation 1 When sensing or partial sensing is configured, the current MAC specification already considers only those resources that are deemed to be available by physical layer, i.e. physical layer shall exclude those resources which are busy (upon sensing).

Proposal 1 As for the case of sensing and partial sensing, it is captured in MAC specification that MAC randomly selects the time-frequency resources from the resources indicated by the physical layer which takes into account UE capability limitations and UE performance requirements, as specified in TS 36.101.

Let´s now analyse Option 1.2. This option is to address the case in which MAC reserves certain resources in certain carriers, but such resource reservation selection, at a later point in time, may not be compliant with RF requirements, e.g. it may lead to power spectral density (PSD) imbalance. For example, it can happen that the UE has reserved resources in several carriers but given the different resource reservation pattern such previous reservation might be not compliant with current physical layer capability limitations.

Observation 2 Option 1.2 is relevant for those cases in which MAC has reserved certain time/frequency resources in certain carriers, but at a later point in time such previous resource reservation may not be compliant with UE capability/performance requirements. 

If this happens, as also agreed by RAN1, the physical layer may trigger resource reselection and ask MAC to select another set of resources.

In this way, MAC would be kept agnostic with respect to any capability limitation, and it will just perform resource reselection whenever physical layers asks to do so.

Proposal 2 In order to support Option 1.2, the physical layer shall check whether the resources selected by MAC on a given carrier lead to any capability/RF requirement issue. And if so, the physical layer shall signal the need for resources reselection to MAC layer.
A CR capturing the above proposals is available in [1].

3 Conclusion

In section 2 we made the following observations:
Observation 1
When sensing or partial sensing is configured, the current MAC specification already considers only those resources that are deemed to be available by physical layer, i.e. physical layer shall exclude those resources which are busy (upon sensing).
Observation 2
Option 1.2 is relevant for those cases in which MAC has reserved certain time/frequency resources in certain carriers, but at a later point in time such previous resource reservation may not be compliant with UE capability/performance requirements.


Based on the discussion in section 2 we propose the following:
Proposal 1
As for the case of sensing and partial sensing, it is captured in MAC specification that MAC randomly selects the time-frequency resources from the resources indicated by the physical layer which takes into account UE capability limitations and UE performance requirements, as specified in TS 36.101.
Proposal 2
In order to support Option 1.2, the physical layer shall check whether the resources selected by MAC on a given carrier lead to any capability/RF requirement issue. And if so, the physical layer shall signal the need for resources reselection to MAC layer.
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