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1 Introduction

In the last RAN2 meeting, the following contribution was discussed:
NB-IoT – Further details on RA procedure for supporting multiple PRBs
Nokia, Alcatel-Lucent Shanghai Bell
discussion
· Ericsson think that this is covered by previous agreements. 

· Intel and Nokia clarifies that this is for the case when the UE is already in connected and performs a scheduling request. 

· ALT1: for SR, the UE goes back to the anchor, after the RACH, the UE stays on the anchor unless explicitly redirected again

· ALT2: for SR, the UE goes back to the non-anchor, after the RACH, the UE goes back to the non-anchor PRB where he was before the RACH

· Ericsson assumes ALT1, and think this is what we already agreed. 

· Intel think that the USS configuration of the anchor may have been lost such that ALT1 doesn’t work. Ericsson think that the USS configuration is the same in the anchor and non-anchor PRB, 

· We stay with ALT1: for SR, the UE goes back to the anchor, after the RACH, the UE stays on the anchor unless explicitly redirected again

In this contribution, we further propose that we should allow Alt2 for CIoT UP solution. Furthermore, it also seems illogical that the UE has to assume implicitly that the dedicated physical channel configuration for the anchor carrier has to be kept even when it is configured with dedicated physical channel configuration for a non-anchor carrier. 
It is also discussed the agreement on the available subframes for non-anchor PRB.

2 Discussion

2.1 Non-anchor PRB after Random Access for CIoT UP solution

A UE is configured with a non-anchor PRB, if it receives Carrier-ConfigDedicated-NB-r13 in the PhysicalConfigDedicated-NB as follow (as extracted from the running TS36.331 CR [1]):
-- ASN1START

PhysicalConfigDedicated-NB ::=
SEQUENCE {


Carrier-ConfigDedicated-NB-r13

Carrier-ConfigDedicated-NB-r13
OPTIONAL,
-- Need ON


pdcch-ConfigDedicated-r13


PDCCH-ConfigDedicated-NB-r13
OPTIONAL,
-- Need ON

pusch-ConfigDedicated-r13


PUSCH-ConfigDedicated-NB-r13
OPTIONAL,
-- Need ON


uplinkPowerControlDedicated-r13

UplinkPowerControlDedicated-NB-r13 
OPTIONAL,-- Need ON


...

}

-- ASN1STOP

The above configuration can be sent in either the RRCConnectionSetup, RRCConnectionResume or RRCConnectionReconfiguration message.

Based on RAN2 agreement shown in Section 1, once the UE performs random access procedure (i.e. SR or time alignment), the UE will stay at the anchor PRB even if the UE is previously configured with a non-anchor PRB. This will imply that:

1. UE autonomously release the configuration (i.e. Carrier-ConfigDedicated-NB-r13) 

2. All the other configurations (listed below) in the PhysicalConfigDedicated-NB have to be the same between the anchor PRB and the non-anchor PRB.

pdcch-ConfigDedicated-r13


PDCCH-ConfigDedicated-NB-r13
OPTIONAL,
-- Need ON

pusch-ConfigDedicated-r13


PUSCH-ConfigDedicated-NB-r13
OPTIONAL,
-- Need ON


uplinkPowerControlDedicated-r13

UplinkPowerControlDedicated-NB-r13 
OPTIONAL,-- Need ON

3. It would require an additional signalling to reconfigure the UE back to the non-anchor PRB.
On (1): In principle, autonomous UE action is only taken when the eNB is unable to reconfigure the UE and is due to abnormal case (e.g. TA timer expiry where it is needed to quickly stop all UL transmissions etc.). The SR trigger RACH procedure is a normal procedure that may occur typically when the UE has more UL data to send. Furthermore, there is no problem in autonomous switching the UE back to the non-anchor carrier (if it is configured) after RACH message 4 is received and this is aligned to the case when UE has no DRB configured (i.e. using CP solution).
Observation#1: With the current agreement, the UE has to autonomous release the non-anchor PRB which is normally use under abnormal circumstances. SR initiated RACH is not an abnormal scenarios.

On (2): It restricts the flexibility of the eNB to configure different configurations for anchor and non-anchor PRB. eNB may configure different USS and power control configuration for different mode of operation and loading of the anchor and non-anchor PRB. In PDCCH-ConfigDedicated-NB-r13, the eNB may want to configure a different PDCCH repetitions (i.e. pdcch-NumRepetitions) and PDCCH start subframe (i.e pdcch-StartSF-USS) for the non-anchor PRB due to the different mode of operation. In the PUSCH-ConfigDedicated-NB-r13, the eNB may want to configure all the symbol to be used for PUSCH rather than puncture on symbol for SRS (i.e. pusch-allSymbols-r13) in the anchor carrier due to loading while on the non-anchor carrier it would want to do the opposite.  Likewise, for UL power control, a different nominal P0 can be used for anchor and non-anchor PRB due to its radio environment.

Observation#2: It restricts the flexibility of the eNB to configure different configuration for anchor and non-anchor PRBs.

On (3): The UE is configured to use the non-anchor PRB because the eNB wants to spread the traffic load among the different PRBs. It cannot be because of a SR or TA initiated RACH that the eNB intends to reconfigure to anchor PRB. It is clear that the UE should continue to use the non-anchor PRB. By keeping the UE on the anchor PRB after RACH, the eNB will have to send additional signalling to reconfigure the UE back to the non-anchor PRB. For NB-IoT, extra signalling means unnecessary UE power consumptions, particularly if the UE is in enhanced coverage.

Observation#3: Additional signalling to reconfigure the UE back to the non-anchor PRB results in unnecessary UE power consumption.
In [2], it is proposed that the RRCConnectionReconfiguration message can be sent in Msg4. Such combination of MAC multiplexing is currently not supported by the UE (See Annex B if TS36.321 [3]). MAC multiplexing in Message 4 only contains CCCH SDU in legacy LTE. With RRC Resume message in Msg4 over SRB 1 in NB-IOT, DCCH SDU multiplexing in Message 4 will be supported. However, we think that this will incur extra signalling as well which is also quite unnecessary as in Observation#3.
Hence it is proposed that:

Proposal#1: For CIoT UP solution, the UE goes back to the non-anchor PRB that it has been configured before the RACH procedure was done. 
2.2 Available subframes for non-anchor PRB
The following agreements was made in the last meeting on the available subframes for non-anchor PRB:

· In case the parameter “servesAsAnAnchorForOthers” is set to “true” in the configuration to non-anchor carrier above for UL and/or DL, the UE shall assume the same available subframes as in its anchor carrier, as determined by PSS/PSS, MIB SIB1 and other SI messages and the signalled available subframes bitmap. 
· In case the parameter “servesAsAnAnchorForOthers” is set to “false” in the configuration to non-anchor carrier above for UL and/or DL,, the UE assumes that only the bitmap of available subframes for the anchor carrier is applied also the the non-anchor carrier. 

With the above agreements, the non-anchor PRB or anchor PRB may not be efficiently used for the following reasons: 
· The UE’s anchor carrier and additional carrier may be in different modes of operation: for instance, anchor carrier in guard-band mode and additional carrier in in-band mode of operation. In this case, there may be a significant difference in the number of REs available in a DL Physical Resource Block (PRB)-pair or DL subframe (up to 50%, e.g., 152 REs in guard-band mode vs. 100 REs in in-band mode, assuming 3 symbols reserved for LTE PDCCH, presence of 4-port LTE CRS, and 2-port Narrowband Reference Signals (N-RS)).Thus, the number of repetitions of SIB1-NB or other NB-SI transmissions targeting the same coverage level can be expected to be significantly different, in order to avoid either over-dimensioning or under-provisioning in case the same number of repetitions is assumed for both cases.

· Similar considerations as the previous example would apply due to difference in the DL Tx power and power boosting, if, separate power amplifiers (PAs) are used between in-band and guard-band modes.

· The network may multiplex UEs in different coverage levels on the different carriers not only for unicast transmissions but also for transmissions of common control channels including SIB1-NB and other NB-SI messages. Specifically, for the case of MCO involving two anchor carriers, the eNodeB may target extended and extreme coverage UEs on one carrier and basic coverage UEs on the other. Therefore, the number of repetitions used for SIB1-NB and other NB-SI messages can be markedly higher for the carrier targeting extended and extreme coverage UEs compared to those for the carrier targeting UEs in better coverage conditions.
· If the PCID values are not the same between the anchor carrier for the UE and the new carrier that it is being directed to, the starting radio frame number for the SIB1-NB repetitions can be different.
Thus, for better resource allocation flexibility and optimized operation, the subframes used for SIB1-NB and other NB-SI messages can be different between two anchor carriers in a deployment.
In order to efficiently use the non-anchor, other than the indication (servesAsAnAnchorForOthers), it would need to explicitly indicate also the repetition of SIB1 and also the scheduling of the SI either via an additional bitmap or explicitly signal the SIB1 repetitions and SI scheduling.
On the second agreement above, it seems to restrict the available subframes for the non-anchor carrier to the one for the anchor carrier. However, for anchor carrier, the non-available subframes also includes the PSS/SSS/PBCH which is not indicated in the bitmap of available subframes. Hence the available subframes for the non-anchor carrier that are not serving as an anchor carrier for UE should have more available subframes. Just by reusing the bitmap of available subframes for the anchor carrier is thus not correct.  
The following [3] is what RAN 1 has asked RAN 2 to work on the valid/available subframes for the non-anchor carrier. 
Agreements:
· For valid subframe configurations for multi-PRB 

· One bit-map for the PRB with NBPSS/NBSSS/SIB1 in SIB1

· RAN2 can decide of one or both of:

· (Method 1) An additional bit-map for other PRB may be provided with dedicated signaling

· (Method 2) Additional bit-map(s) for other PRBs within SIB

· Up to RAN2 if this is per operation mode or across operation modes

Since non-anchor PRB is only used for RRC Connected mode, the additional bitmap for the non-anchor PRB should only be sent via dedicated signalling as it will be inefficient in terms of radio resources to send it via SIB due to the periodic repetitions.
Based on the above, it is proposed not to support “servesAsAnAnchorForOthers” and that additional bitmap of valid DL subframes is signalled when non-anchor carrier is configured. 
Proposal#2: To agree not to support “servesAsAnAnchorForOthers” and that a new bitmap is defined to indicate the valid DL subframes for the non-anchor PRB which is provided via dedicated RRC signalling (RRCConnectionSetup, RRCConnectionResume and RRCConnectionReconfiguration) to a given UE upon configuring it with non-anchor carrier information. 
The example changes to the ASN.1 can be as follow:

-- ASN1_NB_START
Carrier-ConfigDedicated-NB-r13 ::=

SEQUENCE {


dl-CarrierConfig-r13

DL-CarrierConfigDedicated-NB-r13

OPTIONAL,


ul-CarrierConfig-r13

UL-CarrierConfigDedicated-NB-r13

OPTIONAL

}

DL-CarrierConfigDedicated-NB-r13 ::=
SEQUENCE {


dl-CarrierFreq-r13


CarrierFreq-NB-r13,


nrsPortsCount-r13


ENUMERATED {n1, n2}





OPTIONAL,
-- Need ON




non-AnchorPRBBitmap


DL-ValidSubframesConfig-NB-r13


OPTIONAL,
-- Need ON

inband-CarrierInfo-r13

SEQUENCE {





samePCI-Indicator-r13

CHOICE
{




samePCI-r13




SEQUENCE {





indexToMidPRB-r13


INTEGER (-50..49) 


OPTIONAL 




},




notSamePCI-r13



SEQUENCE {





crsPortsCount-r13


ENUMERATED {an1, an2, an4, spare1}
OPTIONAL




}



},



startSymbol-r13



INTEGER (1..4)





OPTIONAL


}







OPTIONAL,

-- Cond inband


...

}

UL-CarrierConfigDedicated-NB-r13 ::=
SEQUENCE {


ul-CarrierFreq-r13


CarrierFreq-NB-r13





OPTIONAL,
-- Need OP




non-AnchorPRBBitmap


DL-ValidSubframesConfig-NB-r13

OPTIONAL,
-- Need ON


...

}
-- ASN1_NB_STOP

3 Conclusion

This contributions analyses open aspects related to mobility and proposes the following:
Proposal#1: For CIoT UP solution, the UE goes back to the non-anchor PRB that it has been configured before the RACH procedure was done. 
Proposal#2: To agree not to support “servesAsAnAnchorForOthers” and that a new bitmap is defined to indicate the DL valid subframes for the non-anchor PRB which is provided via dedicated RRC signalling (RRCConnectionSetup, RRCConnectionResume and RRCConnectionReconfiguration) to a given UE upon configuring it with non-anchor carrier information. 
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