3GPP TSG-RAN WG4 Meeting #90bis         













     R4-1903673
Xi’an, China, 8th – 12th April, 2019
Title: 




Discussion on the multi carrier operation for NB R16
Source: 
Huawei, HiSilicon
Agenda item:
7.13.3
Document for:
Discussion
1. Introduction

We have seen the start of R16 NB-IoT enhancement in the last quarter of 2018 in RAN1 and RAN2. In the WID, we have the objectives for multi carrier improvement for NB R16 as follows,

	Improved multi-carrier operation:

· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]

· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 




Though it is identified that the feature contained in the first bullet does not impose RAN4 impact, which is the support of msg3 based quality reporting for non-anchor access, companies raised the discussion in ran4 that it may come across RAN4 spec impact since part of the legacy requirements does not apply for non-anchor carrier.

For the feature of NRS presence on non-anchor carrier, RAN1 is busy discussing the design for decimation pattern and the decoupling between early termination of paging NPDCCH and NWUS. RAN4 needs to wait for the outcome of RAN1/2 to specify the requirements for non-anchor carrier NRS based measurement.
From the rapporteur’s summary Tdocs [1][2], we can see the RAN1 and RAN2 agreements on the R16 multi carrier operations copied below.

RAN1

	Msg3 based channel quality reporting on non-anchor carrier
Agreement

For channel quality report in Msg3 on non-anchor access, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%

· FFS: Whether the details on the hypothetical NPDCCH are specified or not

Agreement

For non-anchor access, RAN1 further studies how UEs report the measured channel quality.
Agreement 

RAN1 does not define search space for hypothetical NPDCCH for channel quality report in Msg3 on non-anchor access.

Agreement

From RAN1 point of view, specification support for measurement period for non-anchor access in RAN1 specifications is not needed
Agreement

RAN1 does not define measurement reference resource for non-anchor access.
Agreement

In case 4 bits is used for a non-anchor carrier, all repetition i.e. 12 candidate values {1,2,4,8,16,32,64,128,256,512,1024,2048} can be reported in Msg3.

Agreement

In case of 2 bits is used for a non-anchor carrier, 3 candidate values can be reported in Msg3. Select one of the following alternatives for determining the 3 values:

· Depending on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

· Depending on R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.
· Depending on Rdecoded, based on the number of repetitions for NPDCCH scheduling Msg2 where UE decodes successfully.
Agreement

For the measurement on carrier(s) other than the one UE is receiving RAR for non-anchor access, if supported, RAN1 to select one or more among the following candidates:

· Paging carrier

· Anchor carrier

· Carrier(s) configured by CarrierConfigDedicated-NB in connected mode

· Other carriers configured by network with implicit or explicit signaling

Agreement

In case of 2 bits are used for a non-anchor carrier, one of 3 candidate values can be reported in Msg3

· Which depends on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

NRS presence on non-anchor carrier
greement

The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by SIB.
Agreement
Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.

· FFS: Whether PO is from UE perspective or NW perspective

Agreement
A subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.

Agreement

RAN1 to discuss the issue of NRS presence for NPDCCH early termination when NWUS is enabled. Down-select among:

· Alt1: If NWUS is enabled (from network perspective), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· Alt2: If NWUS is enabled (from UE perspective, i.e., enabled by network and supported by UE), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination

· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 

· Alt4: NRS is always associated with NPDCCH for paging

Agreement

In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination:

· NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space

· FFS value(s) of N, M

Agreement 

The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted can be the whole set of POs.

Agreement

For the issue of NRS presence for NPDCCH early termination when NWUS is enabled, down-select among:

· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination

· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 

· Alt4: NRS is always associated with NPDCCH for paging

Agreement

The decimation pattern (i.e., the pattern that determines which POs have subframes with NRS even when no NPDCCH is transmitted) is designed at least with the following principles:

· P1: The decimation pattern shall be fair across UEs, i.e., all UEs see the same/similar percentage of POs with NRS.

· FFS: the case for eDRX

· P2: A UE belonging to a given UE group (being a UE group the group of UEs that monitor paging in the same PO) can use NRS belonging to a PO of a different group in addition to the NRS of its own UE group.

· The maximum gap between the PO with NRS and the PO the UE monitors is not larger than X (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination)

· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.

· P4: The POs with NRS are quasi-uniformly/uniformly distributed from network perspective.

NOTE: It was already agreed in previous meetings that a subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.

Further study details of decimation pattern until RAN1#96bis.




RAN2
	RAN2#103bis agreements: None.

RAN2#104 agreements:
Re-use the code points defined in Rel-14.

Study the impact of re-using the Rel-14 RRC reporting mechanism and consider whether a MAC mechanism should be used instead.

RAN2 further study how to support the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.

RAN2#105 agreements: None.


In this paper, we first discuss the applicability of legacy RRM requirements on the msg3 based quality reporting to non-anchor carrier and then we further discuss the NRS based RRM measurement on the non-anchor carrier provided that the NRS presence is guaranteed before every paging occasion.
2. Discussion
2.1. Msg3 based quality reporting on non-anchor carriers
The reason that RAN1 discuss the issue of UE monitoring other carriers than the one it receives RAR and had the agreement under is that, the UE can be redirected by msg4 to another carrier than the one it receives RAR.

	Agreement

For the measurement on carrier(s) other than the one UE is receiving RAR for non-anchor access, if supported, RAN1 to select one or more among the following candidates:

· Paging carrier

· Anchor carrier

· Carrier(s) configured by CarrierConfigDedicated-NB in connected mode

Other carriers configured by network with implicit or explicit signaling 




Further, when the UE reports the channel quality in msg3, the network expects the results to cover multiple carriers including the anchor carrier and others that UE had a chance to measure RSRP on. Thus the legacy requirements defined for the R14 msg3 based reporting including T1 and T2 in section 6.6.2.6 of TS 36.331 surely apply for non-anchor carrier reporting. To note that, provided that the presence of NRS on non-anchor carrier before every PO is guaranteed, the UE may also use the paging carrier NRS to measure and report to the network in msg3.
In addition, RAN1 decided that the 12 values shall apply for long reporting and 3 values shall apply for the short reporting on non-anchor carriers which is the same as legacy ones. Also for the accuracy requirements we see no reason why they cannot apply.
Proposal 1: legacy requirements defined for R14 msg3 based quality reporting apply for msg3 based quality reporting on non-anchor carriers including hypothetical NPDCCH, T1, T2, report mapping and accuracy.
2.2. NRS presence on non-anchor carriers for paging
In Rel-14, NRS is not transmitted when no paging is sent on a non-anchor carrier. This reduces the power consumption of both the network and UE and mitigates the interference caused on other cells or systems. In Rel-16, the NRS presence on the non-anchor carrier is brought to the table and by specifying the presence of NRS on the non-anchor carrier for non-paging occasions, it helps the early termination of PDCCH or WUS detection which can save effort from the UE’s perspective.
The main method for R16 UE to early terminate the PDCCH detection under relatively high channel condition. The mechanism is that the network send NRS prior to the POs for the UE to measure the NRSRP beforehand and to decide whether to early terminate the PDCCH detection accordingly.

Now that we have introduced the NRS on the non-anchor carrier, the main benefit from RAN4 perspective is that the UE can always utilize the NRS for serving cell RRM measurement on the non-anchor carrier. This benefits a lot by avoiding the UE to retune to the anchor carrier at least once in every DRX cycle to do the serving cell measurement. Also the msg3 based quality reporting can benefit from the NRS on the non-anchor carrier to allow flexibility and accuracy for the network to schedule the UE among candidate carriers.

To enable the serving cell measurement on non-anchor carrier, we need to make sure that the NRS is transmitted at least once every DRX no matter the UE is paged or not. Further the NRS is better transmitted in a way that the UE is not supposed to wake up multiple times during one DRX period. Under such circumstances, RAN4 need to define the requirements for non-anchor carrier serving cell RRM measurement. Mainly in our understanding the impact on the current spec would be applicability rules to add. One thing is that when the NRSRP measurement is used in the IDLE RRM procedures, the offset introduced for the non-anchor carrier should be reused to be part of the RRM procedure related criteria.
Proposal 2: Define non-anchor carrier serving cell RRM measurement requirements based on NRS measurement on the non-anchor carrier in TS 36.133.

Proposal 3: RSRP\RSRQ offset to compensate the non-anchor carrier measurements should be considered.
In addition to what has been discussed above, RAN4 also needs to define the enough NRS resources number to both correctly decide the termination and fulfill the measurement accuracy requirement if the serving cell measurement is introduced. Thus we may have to conduct simulations for both cases and before that we need to sync on the simulation metrics and assumptions. We propose to have an initial agreement on the method and metric once after the RAN1 design of the NRS allocations is clear.

3. Conclusion
In this paper, we first discuss the applicability of legacy RRM requirements on the msg3 based quality reporting to non-anchor carrier and then we further discuss the NRS based RRM measurement on the non-anchor carrier provided that the NRS presence is guaranteed before every paging occasion.
Proposal 1: legacy requirements defined for R14 msg3 based quality reporting apply for msg3 based quality reporting on non-anchor carriers including hypothetical NPDCCH, T1, T2, report mapping and accuracy.

Proposal 2: Define non-anchor carrier serving cell RRM measurement requirements based on NRS measurement on the non-anchor carrier in TS 36.133.

Proposal 3: RSRP\RSRQ offset to compensate the non-anchor carrier measurements should be considered.
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