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1 Introduction

For uplink in LAA, it should be possible for the eNB to provide routing restrictions to the UE to control QoS. There are some issues which are still open w.r.t. this and these are discussed in this contribution.
2 Routing restrictions in LAA scenarios

RAN2 agreed during the LAA Study Item to allow the eNB provide routing restrictions to the UE for LAA cells to ensure that certain traffic are only sent on licensed cells:
	1
Configure per bearer/logical channel whether it can be offloaded to LAA SCells or whether it may only be served by licensed carriers. 


There are some issues which are still open which will be discussed in the following subsections, namely:

· Routing restrictions per bearer or per logical channel
· Do we need routing restrictions for SRBs

· Scheduling request transmissions

· Routing restrictions for MAC CEs

Observation 1 Routing restrictions was agreed for LAA during the SI. Some open issues remain.
2.1 Per bearer or per logical channel

It is still open whether the eNB configures the routing restrictions per bearer or per logical channel.

There is a one-to-one mapping between bearers and logical channels so the end result is the same. The only thing which seems to be different between the two approaches is how the specification is impacted. In Annex A we have shown how the RRC can be updated to implement the “per bearer” and the “per logical channel” approaches. From these examples it can be seen that if we have the restriction per logical channel it is only needed to do one change to RRC while if the restriction is per bearer there is a need to have restrictions in two places. Since otherwise there seem to be no difference between the two approaches we prefer to have routing restrictions per logical channel.

This would then mean that in MAC it should be specified how logical channels should be restricted to be sent only certain types of serving cells.
Proposal 1 Routing restrictions are per logical channel.
It was briefly discussed at RAN2#89bis whether SRBs should be restricted to only be sent on carriers in licensed spectrum or whether these should only be sent on carriers in licensed spectrum. As it has already been agreed that the eNB can indicate whether bearers/logical channels can be sent over LAA cells then this would apply also for SRBs and it would be possible to configure the UE to send SRBs only on carriers in licensed spectrum. So no special handling needs to be introduced for SRBs.

Proposal 2 The eNB can, if deemed suitable, ensure that SRBs are only sent on serving cells in licensed spectrum by configuring routing restrictions for these and no special handling for SRBs is needed.

2.2 Granularity of routing restriction

It needs to be decided what the routing restriction should mean we have the following two alternatives:

A. Route logical channel X only on indicated serving cell(s).

B. Route logical channel X only on licensed/unlicensed cells.

While alternative B may be sufficient in LAA scenarios, alternative A will be more flexible as it could be used also in other scenarios. For example if the UE has a cells in a high band and a low band then it could be preferred to send data on in the low band, or if the UE has a cell with low load and one with high load, etc. While some more bits would be needed to achieve alternative A, we believe that it would be a more futureproof alternative which should be preferred.
Proposal 3 Routing restrictions indicate which serving cell(s) a logical channel can be sent on.
2.3 Scheduling requests

With PUCCH on SCell (which is still under discussion in RAN1 whether it applies to LAA cells) the UE can be configured to send SR on SCells to offload the control channel load from the UE’s PCell. If routing restrictions are configured and data arrives for a bearer which is restricted, it needs to be decided where the UE shall send the SR.
Consider when voice traffic is restricted to be sent on licensed cells; if a voice packet arrives and UE sends SR on the LAA cell, the eNB would not know that actually the UE needs a grant on the licensed cell. And if the UE gets a grant for an LAA cell it would send padding BSR. The eNB would only know that a grant on the licensed cell is needed when the eNB receives the BSR. Not only would it result in wasted radio resources but also unnecessary delay.

So, since both radio resources are wasted and there will be additional delay which can be harmful in some cases, we assume that the SR transmissions should reflect the routing restrictions.

Proposal 4 SR transmissions should reflect the routing restrictions. I.e. the UE should not send SR on an LAA cell if traffic arrives at a logical channel which is restricted to licensed carriers.

2.4 Routing restrictions for MAC CEs

It was discussed briefly during the study item phase whether routing restrictions for MAC CEs should be introduced. The following alternatives were discussed:
A. A MAC CE is never sent on LAA-cells.

B. A MAC CE sent on an LAA-cell which has not yet been ACK:ed is not considered sent (and hence the same MAC CE can be resent on a licensed cell).

C. A MAC CE is sent on LAA-cell in a TTI when no grant is received for a licensed cell.

The motivation for routing restrictions for MAC CEs is that if MAC CEs are sent on LAA-cells they may be delayed more than they would be if they were sent on licensed carriers. Some MAC CEs are time critical such as PHR and BSR which are considered by the scheduler in the eNB and hence cannot be delayed without resulting in degraded performance. To ensure that the eNB receives MAC CEs timely it was said that it is suitable that the UE sends MAC CEs only on licensed carriers (Alternative A). However, if the UE only gets scheduled on an LAA cell then this option would make it impossible for the UE to send any MAC CEs, which of course would result in poor performance. Therefore this option can be excluded.

With option B the UE would not consider a MAC CE transmitted until the UE has received an ACK for it, hence the UE can resend this MAC CE on another (e.g. licensed) cell. While this would result in the shortest delay, it seems not straightforward from a specification point of view.

With option C, if the UE gets two grants; one on an LAA cell an one on e.g. the PCell then the UE would send the MAC CEs on the PCell. This alternative will, like option B, ensure that the UE is not blocking MAC CEs from being transmitted on LAA cells (as with option A), further it makes sure that if the UE gets scheduled on both licensed and unlicensed then the UE will prioritize to send MAC CEs on licensed spectrum. Even though the performance of option C may not be as good as in option B, we assume it to be a good enough solution which is not too complex.
Proposal 5 MAC CEs can be sent on licensed or on unlicensed cells.

Proposal 6 If the UE has valid grants both for licensed and unlicensed cells, the UE sends MAC CEs on licensed cells.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
Routing restrictions are per logical channel.
Proposal 2
The eNB can, if deemed suitable, ensure that SRBs are only sent on serving cells in licensed spectrum by configuring routing restrictions for these and no special handling for SRBs is needed.
Proposal 3
Routing restrictions indicate which serving cell(s) a logical channel can be sent on.
Proposal 4
SR transmissions should reflect the routing restrictions. I.e. the UE should not send SR on an LAA cell if traffic arrives at a logical channel which is restricted to licensed carriers.
Proposal 5
MAC CEs can be sent on licensed or on unlicensed cells.
Proposal 6
If the UE has valid grants both for licensed and unlicensed cells, the UE sends MAC CEs on licensed cells.



4 Annex A

Below we look at the ASN.1 impact of having routing restrictions per bearer or per logical channel and how MAC can be updated to implement routing restrictions.

Table 1: Routing restrictions per bearer.

	–
RadioResourceConfigDedicated
The IE RadioResourceConfigDedicated is used to setup/modify/release RBs, to modify the MAC main configuration, to modify the SPS configuration and to modify dedicated physical configuration.

RadioResourceConfigDedicated information element
-- ASN1START

[…]
SRB-ToAddModList ::=



SEQUENCE (SIZE (1..2)) OF SRB-ToAddMod

SRB-ToAddMod ::=
SEQUENCE {


srb-Identity





INTEGER (1..2),


rlc-Config






CHOICE {



explicitValue





RLC-Config,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


logicalChannelConfig



CHOICE {



explicitValue





LogicalChannelConfig,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


...,


[[



unlicensedProhibited-r13

BOOLEAN




OPTIONAL


-- Need ON

]]
}

DRB-ToAddModList ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddMod
DRB-ToAddModListSCG-r12 ::=

SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddModSCG-r12

DRB-ToAddMod ::=
SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)


OPTIONAL,

-- Cond DRB-Setup


drb-Identity





DRB-Identity,


pdcp-Config






PDCP-Config



OPTIONAL,

-- Cond PDCP


rlc-Config






RLC-Config



OPTIONAL,

-- Cond SetupM


logicalChannelIdentity



INTEGER (3..10)


OPTIONAL,

-- Cond DRB-Setup


logicalChannelConfig



LogicalChannelConfig
OPTIONAL,

-- Cond SetupM


...,


[[
drb-TypeChange-r12





ENUMERATED {toMCG}
OPTIONAL,

-- Need OP



rlc-Config-v1250




RLC-Config-v1250

OPTIONAL

-- Need ON


]] ,


[[



unlicensedProhibited-r13

BOOLEAN




OPTIONAL

-- Need ON

]]
}

[…]
-- ASN1STOP


Table 2: Routing restrictions per logical channel.

	–
LogicalChannelConfig
The IE LogicalChannelConfig is used to configure the logical channel parameters.

LogicalChannelConfig information element
-- ASN1START

LogicalChannelConfig ::=


SEQUENCE {


ul-SpecificParameters



SEQUENCE {



priority






INTEGER (1..16),



prioritisedBitRate




ENUMERATED {













kBps0, kBps8, kBps16, kBps32, kBps64, kBps128,













kBps256, infinity, kBps512-v1020, kBps1024-v1020,













kBps2048-v1020, spare5, spare4, spare3, spare2,













spare1},



bucketSizeDuration




ENUMERATED {













ms50, ms100, ms150, ms300, ms500, ms1000, spare2,













spare1},



logicalChannelGroup




INTEGER (0..3)


OPTIONAL


-- Need OR


}

OPTIONAL,
















-- Cond UL


...,


[[
logicalChannelSR-Mask-r9


ENUMERATED {setup}

OPTIONAL

-- Cond SRmask


]],


[[
logicalChannelSR-Prohibit-r12

BOOLEAN




OPTIONAL

-- Need ON


]],


[[



unlicensedProhibited-r13


BOOLEAN




OPTIONAL

-- Need ON

]]
}

-- ASN1STOP
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