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1   Introduction
At the RAN2#99 meeting in Berlin the following agreements pertaining to LCP operation in NR were made:
 Agreements 

1. LCH restriction is based on available parameters coming from PHY and/or RRC.
2. The physical layer parameters required by the LCP for the purpose of LCP restrictions are provided to the MAC from the PHY layer.  How this is captured is FFS    

3. Parameters for LCP restrictions - Sub-Carrier Spacing, Cell, “Time”.  What “time” means is FFS (e.g. PUSCH transmission duration and K2).  FFS if other parameters are required (e.g. transmission mode).

4. If there are multiple Grants for a UE at a certain point in time the order in which the UE processes the grants is up to UE implementation

5. The LCP restriction does not apply to MAC CE at least for non-duplication case

The agreement 1 above (highlighted in green) effectively means that no additional information will be introduced on top of what is already contained in DCI messages and RRC signaling. To be more exact, the Berlin agreement 1 (“LCH restriction is based on available parameters coming from PHY and/or RRC.”) means that we will not be adding any new information (such as any profile index that may – or may not – be introduced) in the existing signaling. However, the modelling of the LCP restriction is still an open issue in RAN2, and in this tdoc we address various modelling options and propose a way forward in order to try and resolve the FFS in agreement 2 above (highlighted in yellow).
2   Options available for restriction modelling and related LCH applicability testing
RAN2 agreed on a minimum set of parameters which will be used for LCP restrictions (agreement 3 above) – how to decide whether an UL grant is applicable for the LCH in question. Leaving the exact contents of that set of parameters aside for the time being, there are two main families of restrictions configuration and modelling:

1. Transmission profiles not introduced: this would mean that we would use “raw” values of grant parameters (SCS, cell restriction, “time” etc.) and compare them with those the LCH in question is mapped onto / allowed to transmit on.
a. Option 1a: A LCH is mapped to independent lists of allowed values for each of the grant parameters. Example: {SCS_1, SCS_2, SCS_3}, {T_1, T_2} and {R_1, R_2, R_3, R_4} are sets of allowed values of SCS, “time” and carrier restrictions.
b. Option 1b: A LCH is mapped to a single list of allowed combinations of values, corresponding to vectors comprising grant parameters. Example: {SCS, T, R}_1 and {SCS, T, R}_2 are the only two allowed combinations of SCS, “time” and carrier restrictions.
2. Transmission profiles introduced: this would mean that there would be a table mapping the grant parameters available via existing signaling (SCS, cell restriction, “time” etc.) onto a list of indices, and comparing those to the allowed indices for the LCH in question. Based on agreement 1 (highlighted in green above), we ruled out such table being part of RAN1 specs, but we have not yet ruled out that the MAC spec could contain such a table – in which case the MAC would translate the parameters of the grant obtained through existing signaling information into an index.
In the next section we look at pros and cons of the 3 options.
3   Discussion on merits of various options and proposed way forward
	Option
	Compact description
	Pros
	Cons 

	Option 1a
	LogicalChannelConfig includes {SCS_i}, {T_j}, {R_k} – independent lists of allowed parameters
	- Corresponds exactly to format of information shared via DCI and RRC signaling
- LCH to grant parameter mapping is derived from LTE
- No need to introduce profiles and mapping table
	- Danger here is that all possible combinations of the individual parameters may be considered as allowed
- Further danger is that for some parameters – most notably “time” – there may not be a simple yes/no applicability test

	Option 1b
	LogicalChannelConfig includes {(SCS, T, R)_i} – a single list of allowed combinations of parameters
	- More specific than Option 1a (and in fact more accurate as it gives specific groupings of parameters which work)
- Easier to agree on the LCP algorithm (i.e. the eligibility of a certain LCH for the given grant) than Option 1a
- No need to introduce profiles and mapping table
	- For some parameters – most notably “time” – there may not be a simple yes/no applicability test
- When LCH is reconfigured, the entire list of {(SCS, T, R)} values may need to be resent

	Option 2
	LogicalChannelConfig includes restriction in the form of collection of indices {I_j}; it also includes the mappings
 (SCS, T, R)_i->I_i 
	- Easier to agree on the LCP algorithm (i.e. the eligibility of a certain LCH for the given grant): only if the index of the grant is equal to one of the indices the LCH in question is configured for, we include the LCH into LCP for this grant

- Potential reduction in RRC signaling, since restriction configuration for LCHs contains a simple list of indices
	- Agreeing on transmission profiles will take up additional standardization time


From the Table above it should be clear that, for Option 1a, the inherent complexities and additional standardization time outweigh the benefits. More specifically, while for most of the parameters (such as SCS and cell restriction) the eligibility test is fairly simple
, the notion of “time” makes things complex. For instance, and assuming that the “time” means length of the PDCCH monitoring interval (just as an example, still unconfirmed by RAN2), we could agree that we should consider a grant if the PDCCH monitoring interval is smaller than or equal to a desired threshold for the given LCH. But it is likely there will be alternative proposals. Additionally, if the allowed values of parameters are specified independently of each other (as is the case in Option 1a), mixing the values will be another debatable issue. Therefore it seems to us that it would be more difficult to agree on the LCP restriction (i.e. the eligibility of a certain LCH for the given grant) for Option 1a than it would be for the other two options and therefore we propose:

Proposal 1. RAN2 to rule out Option 1a – in other words, to rule out LCP restriction being defined as independent lists of allowed values for each of the LCP restriction parameters. 
Options 1b and Option 2 are in fact quite similar. In both cases the LCH eligibility test of a LCH for the UL grant received is fairly straightforward. For Option 2, only if the index of the grant is equal to one of the indices the LCH in question is configured for, we include the LCH into LCP for this grant. While for Option 1b, if the specific vector of values for the grant in question matches one of the vectors the LCH is mapped to, we include the LCH into LCP for this grant.
There are however some major differences between Option 1b and Option 2. Option 1b does not require additional RAN2 time to specify the mapping table / introduce the transmission profiles. Option 2 on the other hand incurs potentially lower RRC signaling overload. We therefore further propose the following:
Proposal 2. RAN2 to choose between Option 1b and Option 2, after contrasting apparent simplicity (in terms of determining grant applicability) and reduced RRC signalling of Option 2 with simpler, LTE-based specs and overall lack of (potentially very time consuming) requirement to define profiles of Option 1b.
4   Conclusions
In this tdoc we addressed the outstanding LCP issues concerning modelling the LCP restriction and capturing it in the spec. A comprehensive analysis of the identified 3 options was carried out, based on which we propose the following:
Proposal 1. RAN2 to rule out Option 1a – in other words, to rule out LCP restriction being defined as independent lists of allowed values for each of the LCP restriction parameters. 
Proposal 2. RAN2 to choose between Option 1b and Option 2, after contrasting apparent simplicity (in terms of determining grant applicability) and reduced RRC signalling of Option 2 with simpler, LTE-based specs and overall lack of (potentially very time consuming) requirement to define profiles of Option 1b.
[image: image1.png]



� Please note that the mapping itself could be done in a separate IE.


� If their values match exactly those of the grant, then the LCH in question is considered for this grant.





