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1 Introduction
During RAN2#95bis it was agreed to have an email discussion on the required signalling for a reduced power class in NB-IoT in REL-14: 
[95bis#27][LTE/NB-IoT] – Reduced power class (Ericsson)

-
To identify the issues to resolve and progress as far as possible

-
Intended outcome: Email discussion report to next meeting

 -
Deadline: Tuesday 01/11/2016

The deadline of the email discussion is Tuesday, 2016-11-01, 23:59 Pacific Time. 
This report gives a summary of this email discussion.

2 Background

2.1 RAN1

The following RAN1 contributions on further reduced power class were not treated during RAN1#86bis:

R1-1609210 Low power UE support for eNB-IoT, LG, DISC

R1-1609837 Discussion  for  aspects of supporting Low Power class UE for NB-IoT, ZTE, DISC

2.2 RAN2

The following RAN2 contributions on further reduced power class were not treated during RAN2#95bis:

R2-166076 Consideration on new UE power class, ZTE, DISC 

R2-166566 Further reduced power class in NB-IoT, Ericsson, DISC
The RAN2 contributions provide background and analysis for the required RAN2 signalling, including many observations. In this email report only the essential motivation for the required RAN2 signalling is provided, i.e. for further information please consult the RAN2 contributions. 
2.3 RAN4
RAN4#80 discussed the need for a lower power class UE in NB-IoT (e.g. small form-factor devices), in addition corresponding MCL relaxation was discussed. RAN4 agreed the following way forward [3]: 

A reduction in maximum coupling loss shall be applied for UEs that adopt the lower transmit power class. 
· Companies are invited to evaluate the appropriate maximum output power for the new power class with MCL relaxation as compared to 164dB MCL.
· For example: 164 - (23 - P) dB, whereas the reduction in MCL is (23-P), whereas P is the maximum transmission power of the new UE power class
· The group will evaluate for example P = 14dBm as a starting point
RAN4#80bis discussed the lower power class further, and agreed on an MCL relaxation for the reduced power class :
RAN4 shall assume MCL= 164-(23-P) dB for the lower output power UE

It is assumed that RAN4 will agree on the power class value P in next RAN4 meeting(s). The power class value is not essential for the required RAN2 signalling. 
3 Discussion
The following topics will be discussed for the reduced power class in NB-IoT:
1. UE capability signalling

2. NRSRP threshold correction

3. MSG1 reduced power class signalling
4. MSG3 reduced power class signalling
5. Reduced power class offset in Pcompensation
6. Reduced power class indication in system information

7. PRACH procedure initiated by a PDCCH order

For each issue some short background information is provided. 

UE capability signalling
It is assumed that the reduced power class is an optional UE feature, and thus new UE capability signalling is needed. UE capability signalling of the power class can be useful for redirection of the UE during connection release to a certain NB-IoT carrier (i.e. band). In REL-13 the UE can indicate for which supported bands it supports 20 dBm power class (powerClassNB-20dBm-r13). The UE capability information is also included in the UE NB-IoT context transfer during Resume, and the UE capability up-/download from MME, as specified in 10.6 in 36.331. 

RAN4 specifies the supported power classes for each NB-IoT band, see 36.101 section 6.2.2F “UE maximum output power for category NB1”. Bands and associated power classes are release independent, i.e. new bands can be introduced for frozen releases, and bands can be implemented early by the UE. Furthermore the UE can choose to support reduced power class in some NB-IoT band, for which RAN4 defined the reduced power class, but not all. 
Issue 1: Introduce reduced power class UE capability signalling per supported band?
	Company
	Comments

	Ericsson
	There is some potential capability signalling savings (1 bit per supported band), but in such case we also lose flexibility to support reduced power classes only in certain bands, and UE implementation flexibility to support reduced power classes in some supported bands but now all. There is also a potential problem with the release independence, i.e. once RAN4 introduced the reduced power for some bands, it cannot change this later anymore. Thus any alternative signalling would need to be confirmed by RAN4 and UE vendors. For the moment we do not see a strong need to change the capability signalling, i.e. continue to signal the support per band. 

	Intel
	Yes, this is done for 20dBm power class and any additional power class support should also be signalled per band

	Nokia
	Yes, reduced power class UE capability per supported band is needed

	Huawei, HiSilicon
	We are not sure about the motivation of having the capability per band except for replicating LTE.

The power class is related to HW/RF design characteristics and we don’t see how the capability would be band-dependent. Is the motivation related to testing?. 

We would prefer not to introduce flexibility that is never used. Also, as the number of supported bands can be quite high, the corresponding signalling overhead should be considered.
Thus, we prefer to introduce this new UE capability for reduced power class per UE (1bit).  It can be confirmed with RAN4.

	ZTE
	Considering the new UE power class is introduced to allow the UE with smaller battery to support lower maximum transmit power, we haven’t seen use case by now that the maximum transmit power of the new power class UE is different for different bands. Furthermore, for more efficient scheduling before Msg5, it’s proposed that the new UE power class capability can be reported in Msg1 or Msg3. If it allows reporting the new power class UE capability per band, for example, the new-added message content may be as follows, which is too big for Msg3:

RF-Parameters-NB-r14 
::=


SEQUENCE {

supportedBandList-r14        SupportedBandList-NB-r14,

multiNS-Pmax-r14                ENUMERATED {supported}

OPTIONAL

}

SupportedBandList-NB-r14 ::=

SEQUENCE (SIZE (1..maxBands)) OF SupportedBand-NB-r14

SupportedBand-NB-r14
::=


SEQUENCE {

band-r14                                 FreqBandIndicator-NB-r14,

powerClassNB-PdBm-r14      ENUMERATED {supported}

OPTIONAL

}

So we suggest confirming with RAN4 whether there is use case that the new power class capability is different for different bands. If it’s not, we suggest that the new UE power class capability is only reported per UE in Msg1 or Msg3. If the answer is yes, the new UE power class capability can be reported for the currently used band in Msg1 or Msg3, and also reported per band in UE-Capability-NB message.

	CATT
	Lower power class is introduced for the low power supply of the terminal and should not be set per supported band.


NRSRP threshold correction
In SIB2-NB up to two NRSRP thresholds can be broadcasted in RSRP-ThresholdsNPRACH-InfoList-NB i.e. up to 3 coverage enhancement levels can be indicated. Based on the UE’s downlink NRSRP measurements the UE selects the NPRACH resource for access, and thereby the number of PRACH repetitions (maxNumPreambleAttemptCE and numRepetitionPerPreambleAttempt see section 5.1 in 36.321). The selected NPRACH resource of the UE gives an indication of the coverage enhancement level the UE is in. The network may use, among other, the selected NPRACH resource as an indication of the UE’s CE level (the CE level is for example used for paging to determine the number of repetitions). 
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The reduced power class UE needs to correct the RSRP threshold with a an offset (e.g. power class difference with 23 dBm power class) to account for the UL power limitation. The RSRP thresholds are assumed to be configured based on the higher UE power class (e.g. 23 dBm power class). But to allow some flexibility a power class offset (dB) could be broadcasted in SIB2-NB for reduced power class UEs. 
Issue 2: Introduce a reduced power class RSRP offset RSRPOffset (dB) in SIB2-NB:

RSRP threshold = RSRP-ThresholdsNPRACH i - RSRPOffset

	Company
	Comments

	Ericsson
	In our view it is obvious that the reduced power class UE needs to correct the RSRP threshold, because it might otherwise not use enough repetitions in the UL. We have some preference to make this configurable and not fixed (e.g. 23-14=9). 
Further discussion is needed on the potential impact on the selected preamble and the  CE level for paging for reduced power class UEs.

	Intel
	RSRP threshold for coverage level needs to be adjusted by an offset relative to UE power class 3 so that the UE can determine the right repetition level for Msg1.
The offset should be defined by RAN 4 as it depends on the new UE power class being defined by RAN 4.

	Nokia
	Yes, it seems clear that UL / DL imbalance needs to be taken into account in the NPRACH resource / CE level selection. Otherwise MSG1 transmission may unnecessarily fail. 

	Huawei, HiSilicon
	We agree with the need of correcting the RSRP thresholds to account for the UL power limitation.

We don’t see the need for the additional flexibility of the offset to be signalled. We can use the (23 –P) offset as used in Pcompensation.

	ZTE
	The uplink maximal transmits power difference between legacy UE and the new power class UE (e.g. P dBm) is 23-P dB. So the reduced power class RSRP offset RSRPOffset has a fixed value of 23-P dB, which can be used directly. We think it’s unnecessary to configure an offset in SIB.

If flexibility is really needed, we suggest to introduce new CEL thresholds for the new power class UE,e.g. new IE rsrp-ThresholdsPrachInfoList-newPowerClass-r14, which can be configured in SIB and can be used to more flexibly adjust the range of each CE level for new power class UE.

	CATT
	Agree


MSG1 reduced power class signalling
The network knows the UE powerclass (per band) after MSG5 (CP solution) and after MSG3 (UP solution). In case the NW does not know the power class after MSG1, then the NW has a problem to determine the number of repetitions for MSG2. In case the NW calculates the numberof repetitions for MSG2 based on the received power of MSG1 in the eNB then a reduced power class UE would receive too many repetitions when it was transmitting at its maximum power for MSG1: 
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A similar problem arises with the number of repetitions for MSG4 (see next issue). The eNB, based on the received UL power can determines the number of repetitions needed in the UL (e.g. for MSG3 and MSG5). 
Currently RAN4 is discussing a reduced power class of 14 dBm. Assuming that CE level 1 and 2 each cover around 10 dB, then a reduced power class UE compared to a 23 dBm UE (-9 dB) can be assumed one CE level higher from an uplink perspective. When the UE moves one CE level up, the number of repetitions grow exponentially (e.g. 2, 8, and 32 repetitions). Even though there is still a small percentage of reduced power UEs in CE level 1 and 2, a small increase of this percentage has a high impact on the overall resource usage. In R2-166566 and R4-167904 it is estimated that the resource increase may be significant, i.e. a 30% increase of network resources. 
Issue 3: Introduce power class signalling in MSG1?
	Company
	Comments

	Ericsson
	In our view the resource impact of the reduced power class UE justifies MSG1 signalling, and this can be achieved with a separate NPRACH partitioning for the reduced power class. The UE uses maximum power for CE level 1 and 2 and power ramping for CE level 0, i.e. separate NPRACH partitioning is only needed for CE level 1 or 2. 

	Intel
	Yes, power class signalling should be in Msg1. Due to the adjustment on the Msg1 repetition, the eNB may think that it needs to use the repetition level in the DL used for UE power class 3 for the coverage level corresponding to the Msg1 repetitions (note this is adjusted via RSRP threshold adjustment). But this would mean that unnecessary repetitions are used on Msg2 which affects the resource usage efficiency. 

	Nokia
	No, having some additional repetitions for MSG2 seems not to be a major problem. PRACH preambles are already partitioned for multi-tone and single-tone capable UEs and introducing more split seems waste of resources and not preferable i.e. it is not clear how the optimal PRACH partitioning could be done.

	Huawei, HiSilicon
	Issue 3 and issue 4 are the same issue, i.e. is there a need for  early indication (e.g. before MSG5) of the low power class. 

We think that the eNB can get the knowledge from the UE capability after MSG3, either by fetching the UE context from a eNB (for a UE using the CIoT user plane optimisation) or by retrieving the UE capability from the MME (for a UE using the CIoT control plane optimisation). The latest being proposed in SA2 in TR 23.730 (solution 15).

We think there is no need to introduce further PRACH partitioning for this new power class UE, which will increase the implementation complexity and lead to lower efficiency of RACH resource utilisation. Low power class UEs can work based on current network configuration and mechanism.


	ZTE
	We agree with Ericsson that new UE power class capability should be reported to eNB as soon as possible in order to avoid the impact on the overall resource usage.
Besides the Msg1 option, we add two more options and all the options lists as following:

Option1: Using preamble partitioning(Msg1)

Option2: Using a dedicated non-anchor carrier(Msg1) 
Option3: Using Msg3
For Option1, if we just separate part of preamble resource from the existing preamble resource, this option may have compatibility issue and can’t work since eNB may misunderstand a R13 UE as a lower power class UE. So a new and dedicated part of preamble resource would be needed.

Option2 is a new option under the non-anchor carrier deployment scenario. However, it may be resource inefficient.

Option3 may be more feasible and can be further discussed.

	CATT
	It will increase the probability of random access collisions since UE with reduced power might access on the anchor carrier.


MSG3 reduced power class signalling
In case RAN2 does not agree on MSG1 signalling, or when the NW does not broadcast a separate NPRACH partition for reduced power classes, then it is still useful to indicate the reduced power class in MSG3 to correctly schedule the MSG4 resources.  
Issue 4: Introduce power class signalling in MSG3?

	Company
	Comments

	Ericsson
	The NW may decide to not configure a separate NPRACH partition for the reduced power class, and in such case it is advantage to have MSG3 signalling to save resources with MSG4. In case of MSG3 signalling we have a preference to use an un-used code point in MAC LCID to avoid increasing the message size. 

	Intel
	There is no need for this optimisation if the power class signalling is in Msg1

	Nokia
	Yes, this seems sufficient.

	Huawei, HiSilicon
	See answer to issue 3



	ZTE
	We share the same opinion with Ericsson that the new UE power class capability can be reported in Msg3. However, we prefer to directly introduce a capability IE in the RRC message since NB-IoT Msg3 still has enough spare bits.

	CATT
	eNB can acquire UE context from the source eNB or from the MME before MSG4 and it is unnecessary to send the power class in MSG3 for UP resume procedure.  Otherwise, UE capability can be acquired from MME in 20ms after Msg5 and the benefit of the power class signalling in MSG3 is limited. It is not preferred.


Reduced power class offset in Pcompensation
The Pcompensation factor in the cell suitability criteria can be re-used for the reduced power class UE, because RAN4 agreed on an MCL relaxation proportional to the power class difference with a 23 dBm UE (see section 2.3):

Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp
Pcompensation = max(P-max –PPowerClass, 0)
NOTE: It is assumed that additionalPmax, which allows a higher power than the cell’s Pmax, in practice will not be used for reduced power class UEs.
For example when P-max = 23 dBm, then a 14 dBm UE will experience a 9 dB smaller cell with Pcompensation. However it can be advantageous to allow some flexibility to the NW to configure when the reduced power class UE can camp on the cell. With a Reduced Power Class offset (RPC-Offset) for Pcompensation the cell suitability can be biased : 

Pcompensation = max(P-max –(PPowerClass -RPC-Offset), 0)
Issue 5: Introduce an offset for Pcompensation to be used by a reduced power class UE.
	Company
	Comments

	Ericsson
	With the introduction of a 14 dBm power class there is a clear trade-off between coverage and network resources. The 14 dBm UEs will experience a significantly reduced coverage or require substantial additional NW resources. It is advantageous to leave some flexibility in the network configuration to adjust this trade-off. 

	Intel
	This should be decided by RAN 4 whether such bias for the reduced power class UE are required for cell suitability.

	Nokia
	No, we do not see the need for this. The same formula works also for legacy LTE devices which may have different power classes.

	Huawei, HiSilicon
	The Pcompensation parameter already takes into account the UE power class. :  Pcompensation = max(PEMAX1 –PPowerClass, 0) (dB). 

We don’t see the need for signalling an other offset unless this is required by RAN4.

	ZTE
	The complete Pcompensation is defined as follows:

· If the UE supports the additionalPmax in the NS-PmaxList, if present, in SIB1, SIB3 and SIB5:  Pcompensation = max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);

· else:  Pcompensation = max(PEMAX1 –PPowerClass, 0) (dB);
In which, UE power class is already taken into account. As a result, the accessible range in the cell for a new power class UE will be shrinked based on the current selection criterion S, which can guarantee that the new power class UE selects a suitable cell to access.
If there is use case that the coverage of the new power class UE would be changed more flexibly based on the configuration, it’s more recommended to separately configure the minimum required RX level in the cell for the new power class UEs. So we suggest that a new Qrxlevmin threshold (e.g., Qrxlevmin_newpowerclass) can be configured for the new power class UE.

	CATT
	The issue can be handled by feasible deployment of the network and not needed.


Reduced power class indication in system information
The introduction of a reduced power class UE requires special handling in the network and potential signalling in MSG1/MSG3, as discussed before. However the NW may not support this, i.e. there should be a safe-guard from reduced power class UEs accessing the network. 
Issue 6: Introduce indication in system information (LowPowerAllowed)?

	Company
	Comments

	Ericsson
	In our view the network should be protected against reduced power class UEs when the NW does not support them.

	Intel
	Such indication will already come with other configuration (e.g. presence of RSRP offset, presence of PRACH partitioning for low power class UE etc.). This indication should not affect cell suitability criteria.

	Nokia
	Not needed, we agree with Intel

	Huawei, HiSilicon 
	Such an indication seems to imply that low power class UEs are low  coverage UEs, which is not in line with our understanding of the relaxed  MCL defined by RAN4  . E.g.  if P=14 dBm, and the MCL target is (164-(P-23)) dB,  then these UEs are targeting 155 dB MCL, which is comfortably in the middle of the existing MCL range.  

As such an indication would prevent low power UEs to access the network, if agreed, it would have to affect the cell suitability criteria .

	ZTE
	Such indication may cause bad user experience for the reduced power class UEs, e.g., the reduced power class UE can camp on a cell but can’t access it. So it’s unnecessary.

	CATT
	Agree with Intel.


PRACH procedure initiated by a PDCCH order
For the PRACH procedure initiated by a PDCCH order, eNodeB can obtain the UE power class before PDCCH order and can assign a suitable physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 for the new power class UE (P dBm). For PDCCH order assignment, there are 13 reserved bits available in DCI Format N1 for PDCCH order, 4 of which can be used to indicate the repetition number of PDCCH for Msg2/Msg3/Msg4 of the new power class UE (R2-166076).
Issue 7: For the PRACH procedure initiated by a PDCCH order, the physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 of the new power class UE are assigned by the PDCCH order?

	Company
	Comments

	Ericsson
	We were not sure if this enhancement was specifically solving a problem with a reduced power class UE, or if this can be considered a generic enhancement? In our understanding this proposal improves the search activity in the UE, i.e. potentially improves the UE power consumption? It is not clear how often PDCCH order in connected mode will be used and how this enhancement provides in terms of power consumption (timing alignment, positioning)? Apart from the fact that this enhancements introduces signalling via DCI which is already supported in legacy, it also limits the eNB to change the number of repetitions for MSG3 and MSG4 in case it wants to adapt or made a poor choice from the beginning. 

	Intel
	Not needed. It can be the same as initial access.

	Nokia
	Not needed

	Huawei, HiSilicon
	Same as for issue 3, we think this would be a small optimisation and is not needed.

We think that reserved bits are a different thing from available bits and that this will require the definition of new DCI format, The modification of the DCI format should be decided by RAN1., 

	ZTE
	As discussion for Issue 3, if the NW does not know the power class after Msg1, the NW has a problem to determine the suitable repetitions for Msg2 and the downlink resource may be wasted. But for the PRACH procedure initiated by a PDCCH order, eNB already has the UE power class capability before PDCCH order so it can indicate the suitable maximal physical layer repetition number (or the downlink CEL) of PDCCH for Msg2/Msg3/Msg4 for the new power class UE based on the UE’s power class capability and CEL(corresponding to repetitions in the UL).

We think the PDCCH order may be more frequent in R14 because of more kinds of applications. Then such indication will achieve more gain for UE power consumption and network resource efficiency. 

	CATT
	Not needed.


4 Summary of email discussion

Size companies replied to the email discussion:
Issue 1: Introduce reduced power class UE capability signalling per supported band?

Three companies see the need to indicate reduced power class per band, and three companies are not sure or do not see the need for that. 

Issue 2: Introduce a reduced power class RSRP offset RSRPOffset (dB) in SIB2-NB?
All companies see the need to adjust the RSRP threshold with the reduced power class difference (P-23). Two companies do not see the need to make this offset configurable. 

Issue 3: Introduce power class signalling in MSG1?
Three companies see the need for MSG1 signalling (of which one indicates a dedicated non-anchor and MSG3 as alternatives). Two companies do not see the need for MSG1 signalling. One company indicates that MSG1 increases the random access collision probability.
Issue 4: Introduce power class signalling in MSG3?
Three companies see the need for MSG3 signalling. Three companies do not see the need for MSG3 signalling, one of which because it is signalled in MSG1. One company points out that SA2 is discussing the context fetch for CP solution after MSG3 (which potentially could include the UE capabilities as well). 
Issue 5: Introduce an offset for Pcompensation to be used by a reduced power class UE.
There is one company that sees the need for an offset with Pcompensation for reduced power class. Two companies do not see such need, and two indicate indicate that this is a RAN4 issue. One company suggests alternative signalling.

Issue 6: Introduce indication in system information (LowPowerAllowed)?

Only one company sees the need for SI indication. Five companies do not see such need, and one company observes that this would impact suitability. 

Issue 7: For the PRACH procedure initiated by a PDCCH order, the physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 of the new power class UE are assigned by the PDCCH order?

One company sees the need to indicate the repetitions in the DCI for the PRACH procedure initiated by a PDCCH order. Five companies do not see the need, and one company considers this a RAN1 issue.

5 Proposed way forward

Based on the feedback the following proposals are made:
Proposal 1: RAN2 to discuss if there is a need to signal reduced power class per band, and if not, ask RAN4 for confirmation

Proposal 2a: UE with reduced power class shall correct the RSRP threshold with (P-23) (P = reduced power value)

Proposal 2b: RAN2 to discuss if the RSRP threshold correction is fixed (P-23) or configurable

Proposal 3: RAN2 to discuss the need to indicate reduced power class in MSG1

Proposal 4: Wait for SA2 decision on RetrieveUEContextRequest for CP solution over S1 interface (to also include the UE capabilities) to decide if there is a need for MSG3 signalling
Proposal 5: No need to introduce offset for Pcompensation for the reduced power class

Proposal 6: RAN2 to discuss the UE behaviour when network does not support reduced power class signalling
Proposal 7: No need to introduce repetitions for Msg2/Msg3/Msg4 in the DCI for the PRACH procedure initiated by a PDCCH order
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