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1 Introduction
During RAN2#100 meeting, it was agreed to have an email discussion on “Measurement Report for NB-IoT”:

[100#37][NB-IoT R14] Measurement Report for NB-IoT (CMCC)


Measurement Report for NB-IoT, what could be the possible solution(s), which release, pave the way for decisions, 


Intended outcome: Report to next meeting


Deadline:  Thursday 2017-02-08 
2 Background 
In RAN2#100 meeting, a paper introducing serving cell’s measurement results reporting [1] was discussed. The motivation for introducing this feature is that NRSRP and NRS-SINR are essential references for operator to perform NB-IoT network planning and network optimization, in order to evaluate cell coverage and layout.
In RAN2#100 meeting, an agreement has been achieved:
· There seems to be interest, at least if only a) serving cell measurements and b) “available” measurements are considered. 
3 Discussion
In order to make some offline progress for online decision, companies are welcomed to share views on the following questions. Thank you for participation. 
Q1: What information can be reported by NB-UE, i.e. available serving cell NRSRP/NRSRQ/NRS-SINR?
	Company
	Answer

	CMCC
	From our point of view, available serving cell NRSRP and NRS-SINR need to be reported. Both NRSRP and NRS-SINR are important reference information for operator to perform network planning and network optimization. NRSRP is utilized to analyse downlink coverage. NRS-SINR is for analysing interference and noise. NRSRQ is not so effective to indicate the interference and noise in real network since it is highly impacted by serving cell load. 
During our field trial, we found out most of NB-UEs can calculate and record NRS-SINR value. However, since RAN4 has not defined NRS-SINR yet, the SINR value range and granularity are varied among different vendors’ chipsets. We propose RAN2 can send LS to RAN4 to trigger the standardization of NRS-SINR.

	Huawei
	NRSRP and NRSRQ for the serving cell are OK. 

NRS-SINR is not specified for NB-IoT in 36.214. Introducing NRS-SINR will require to involve RAN1 and RAN4.

Even for LTE, RS-SINR is only specified in connected mode (see TS 36.214 section 5.1.23 ), so the measurement cannot be available before MSG3.

	TMRND
	The measurement results of NRSRP, NRSRQ and RS-SINR for the serving cell should made available to the network. Based on our measurement using UE Cat-NB1 as shown in the diagram, we do observe that both NRSRQ and RS-SINR have strong correlation. If this behaviour is also observed for most of other vendors’ chipsets, we are fine with only NRSRQ to be reported and excluding RS-SINR.     
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	ZTE
	NRS-SINR measurement has not be specified for NB-IoT in RAN1 and RAN4. If it would be supported, evaluation and standardization in RAN1 and RAN4 should be performed firstly.
Both NRSRP and NRSRQ measurement are already available for NB-IoT and can be reported to eNB for futher optimization in network. But we don’t think they are needed to be reported all the time or both of them are always needed. For example, in the case of good coverage and low interference, eNB may need neither of NRSRP/NRSRQ measurement results or need only one. So we think network can control which measurement results (none or only one or both) would be reported.
In addition to the above requirements of network planning or network optimization mentioned by rapporteur, we think in the following cases, the DL repetition number configuration related to the reported CEL may be not always suitable. If the eNB can get some additional information, e.g., real NRSRP/NRSRQ measurement results, then the eNB can adjust the DL repetition number during random access procedure:
1) Imbalance between uplink and downlink, e.g more interference in uplink than in downlink.

2) Enhancements for standalone operation mode. e.g the NRS transmit power of standalone carrier may be higher much than the NRS transmit power of in-band/guard-band carrier, the CEL based on the standalone carrier NRSRP measurement may be not suitable for in-band/guard-band carrier, and vice versa.
In the above cases, reporting NRSRP/NRSRQ measurement results to eNB would be helpful and we think they can be reported as early as Msg3.
Taken into account that both NRSRP and NRSRQ are reported will need more message overhead and there are not so much spare bits in NB-IoT Msg3, some kind of reporting value compression may be needed.

	III
	Because there is almost no data transmission for NB-IoT UE most of the time, the RSRQ will be much correlated to RS-SINR. Therefore, RSRP and RSRQ measurement for serving cell should be enough. 

	Qualcomm
	Same view as Huawei, only report measurements that are already available in idle mode.

Would these measurements need to be reported in EDT Msg3 or only if Msg3 sent for RRC connection establishment or normal RRC connection resumption? It may not be possible to include these measurements always in EDT Msg3. Allowing for these measurements to be included in EDT Msg3 if space available will make increase complexity.

	Ericsson
	As stated already, the NB-IoT UE can report NRSRP/NRSRQ measurements, but NRS-SINR is currently not defined for NB-IoT. For that reason we propose to consider NRSRP/NRSRQ measurement reporting now, but leave potential NRS-SINR reporting (instead of NRSRQ) open for later releases. The NRS-SINR measurements can be added, e.g. with an additional bit that is set when the measurement quantity is NRS-SINR.

	Nokia
	We agree with Huawei

	Intel
	We are fine with reporting already available measurements (NRSRP/NRSRQ of the service cell).

	MediaTek
	Available serving cell NRSRP and NRSRQ can be reported.

NRSRP reflects the signal strength of serving cell so it needs to be reported if available.

NRSRQ may not always reflect the interference conditions properly, but since it is defined, we should allow the network to configure NRSRQ reporting.

NRS-SINR can be useful in some cases, but some RAN4 work is needed. We may send LS to RAN4.

	LG
	We think NRSRP and NRSRQ is enough.

	GTO
	We agree that we need some means of reporting of measurements taken in idle mode for Network optimization. Measurements which are used already today for cell-reselection (36.133 chapter 4), i.e. NRSRP and NRSRQ measurements should be sufficient and no extra efforts will be required. We agree with other companies on this, NRSRP and NRSRQ is enough. 


Q2: Which uplink message is utilized to carry the information?

Option 1: MSG3.  22bit spare IE in RRCConnectionRequest-NB message can be used. 9bit spare IE in RRCConnectionResumeRequest-NB message can be used.
Option 2: MSG5.  nonCriticalExtension in RRCConnectionSetupComplete-NB message and RRCConnectionResumeComplete-NB can be used.

Option 3: Other candidate solutions.

	Company
	Option
	Answer

	CMCC
	1 or 2
	We are ok with either MSG3 or MSG5.
For MSG3 reporting, the benefit is that network has the knowledge of downlink channel before MSG4, as a supplementary of the CE level received through MSG1. Therefore network can schedule the UE more appropriately for MSG4 and MSG5. But the limited spare bit in MSG3 may restrict the granularity of result reporting. 

For MSG5 reporting, the advantage is that UE can report more bits in MSG5 by using nonCriticalExtension. And as a consequence, better granularity for NRSRP and/or NRS-SINR can be achieved. Whereas, since the result is reported in MSG5, the scheduling of MSG4 and MSG5 is still based on CE level received through MSG1 without any improvement.

	Huawei
	Option2
	Considering that the purpose of the measurement is network maintenance, there is no motivation to add the reporting in MSG3. 

NRSRP is defined NRSRP_00 to NRSRP_113. So 114 values defined, i.e. 7 bits.

NRSRQ is defined NRSRQ_-30 to NRSRQ_46. So 77 values defined, i.e. 6 bits.

	TMRND
	Option 1
	This information is important for network maintenance and optimization. Since the Early Data Transmission (EDT) is going to be introduced in Rel-15, it is better to use MSG3 reporting.

	ZTE
	1 or  2
	Option 1 is more preferable, which can not only provide information for network planning or network optimization, but also provide information for adjusting DL repetition number configuration, especially in the use cases mentioned in the answer to the Q1.
Furthermore, Msg5 may not exist in EDT, in that case the reporting cannot be performed if option 2 is used.

If only the requirement for network planning or network optimization would be considered, the Msg5 or later message are acceptable.

	III
	Option1
	Considering the padding issue in Early data transmission (EDT), there should be some space for carrying RSRP and RSRQ measurement reports. We also agree with ZTE that Msg5 may be not transmitted if data transmission can be completely during Msg3 and/or Msg4. 

	Qualcomm
	Option 1
	Permits measurements to be reported in non-EDT Msg3 and EDT Msg3.

	Ericsson
	1 and 2
	For link adaptation we would like to have NRSRQ reporting in MSG3 (i.e. early). For NW planning/tuning/diagnostics we would like to have NRSRP reporting in MSG5, provided MSG5 reporting is enabled in SI. 

	Nokia
	Option 2
	We don’t see the need for reporting in MSG3 considering the use case for network planning and maintenance. 

	Intel
	Option 2
	We share similar view with Huawei.

	MediaTek
	1 or 2
	It depends on the purpose of measurement reporting. If it’s only for network maintenance and optimization, Msg 5 is a better choice. We should be careful when using spare bits event there are enough bits. However, if network wants to improve Msg4 transmission (e.g., for EDT), the report should be carried by Msg3.

	LG
	Option 1
	We prefer option1. Option2 needs more signaling, so can be a big load for NB-IoT UE. However, we wonder if there is no security issue becuase Msg3 and Msg5 are un-secured message (e.g., they are sent before security activation).

	GTO
	Option 2
	We prefer msg5 when it is requested to report. We agree it will lose more power. Also besides only measurements, an indication can be included too about when measurements were taken. I.e. considering also devices with longer eDRX cycles. It may also be useful to include a timestamp or indication whether the device has moved.


Q3: How to trigger the reporting?
Option 1: A threshold is needed. Only when the measured RSRP is lower than the threshold, does the UE need to contain available results into the uplink message. The threshold can be broadcasted in system information.

Option 2: No threshold is needed. UE always contains available results into the uplink message.

	Company
	Option
	Answer

	CMCC
	1
	From network optimization point of view, information of low NRSRP or low NRS-SINR UE is more valuable than others. So at least low NRSRP or low NRS-SINR UEs need to report the latest available serving cell results. 
Network can broadcast a threshold in system information. Only when the measured NRSRP is lower than the threshold, does the UE need to report the latest available serving cell results. If the threshold is absent or set to 0 in system information, all UEs don’t need to report the results.

	Huawei
	Option2
	We cannot see the motivation of introducing a threshold, what is the gain?

	TMRND
	Option 2
	We don’t think that the threshold is needed. UE should always report the measurement results without considering whether the signal of serving cell is good, weak or bad.

	ZTE
	Option1
	As mentioned in the answer to Q1, we think the measurement results reporting should be controllable in network. For example, at least we think the NRSRP/NRSRQ reporting is not necessary when the cell coverage is good for the following reasons:

1) On one hand, good coverage generally means network deployment is suitable and no need of further optimization. On the other hand, it is already agreed that only the measurement results of the serving cell is reported. But in some cases good coverage of serving cell doesn’t mean there has no other problem in the network, e.g “pilot pollution” problem may exist even the serving cell is good since there also exist some better neighbor cells. In this case, only information of serving cell is useless.   

2) The DL repetition number configuration is always 1 when the cell coverage is good and doesn’t need to be adjusted.

Only when the coverage is not good (e.g not in CEL0), the NRSRP/NRSRQ measurement reporting to eNB would be helpful. 
We think simple on/off indication or some kind of reporting thresholds can be considered. And reporting thresholds may be more flexible. For example, when the measurement result is better than the threshold, the reporting should not performed for saving UL message overhead. When the measurement result is worse than the threshold, the reporting should performed. If the threshold is absent or is set to a very low value, that means the reporting is disabled.

	III
	Option2 
	UEs report the measurement when the measured RSRP is lower than a threshold. This will punish the stationary UEs in deep coverage. 

	Qualcomm
	Option2
	No need to have a reporting threshold given that such threshold would need to be configured through SI.

	Ericsson
	1 and 2
	We do not see a need to control the reporting in MSG3, i.e. the message size is not changed.

	Nokia
	Option2
	We don’t see the benefits of the threshold.

	Intel
	Option 2
	There is no need for network control. The measurement is available and it can be piggybacked by Msg5.

	MediaTek
	Option 1
	With such a threshold, serving cell measurement is not reported when UE is in good coverage and save power as well as signaling overhead.

When the threshold is absent, measurement results are always reported (following report configuration).

When the threshold is set as -inf, UE does not report measurement results.

	LG
	Option 2
	Agree with Huawei. As this measurement report is not for supporting mobility, it seems there is no benefit to trigger the reporting when serving cell quality becomes better/worse than the threshold.

	GTO
	Option 2
	No Threshold is required. We also need to think about UE’s in coverage enhanced modes. UE can send the information in msg5.  


Q4: Which release is this feature to be introduced, i.e. Rel-14?
	Company
	Answer

	CMCC
	We prefer to introduce serving cell available measurement result reporting in Rel-15, that allows early implementation in Rel-13 and Rel-14.

	Huawei
	From the network maintenance point of view, we can see the benefit of the reporting. 

NRSRP/NRSRQ reporting only impacts RAN2 and can be introduced as TEIx.

NRS-SINR would be a new requirement in the UE and requires to involve RAN1 and RAN4 and should not be introduced as TEI-14.

	TMRND
	As early as possible, either early implementation in Rel-13 or Rel-14.

	ZTE
	We agree with above companies that NRSRP/NRSRQ measurement reporting can be introduced as early as possible, e.g., in TEI14. 

	III
	We agree with that RSRP and RSRP measurement reporting can be applied to Rel-13 and Rel-14. 

	Qualcomm
	Agree with above companies but go even further to say only report NRSRP/NRSRQ.

	Ericsson
	We have similar views as expressed above, i.e. introduce NRSRP/NRSRQ reporting in REL-14 with early UE implementation. 

	Nokia
	We agree with CMCC

	Intel
	It can be introduced in Rel-14 with magic sentence for early implementation.

	MediaTek
	NRSRP/NRSRQ can be included in TEI-14, but NRS-SINR cannot.

	LG
	Agree with above companies.

	GTO
	Rel-14 if deemed necessary also allow for early implementation.


4 Summary of email discussion
12 companies participate in this email discussion.
Q1: What information can be reported by NB-UE, i.e. available serving cell NRSRP/NRSRQ/NRS-SINR?
Answers:

1 company support NRSRP and NRS-SINR.
11 companies support NRSRP and NRSRQ. 

Proposal 1: NRSRP and NRSRQ can be reported by NB-UE.
Q2: Which uplink message is utilized to carry the information?

Option 1: MSG3.  22bit spare IE in RRCConnectionRequest-NB message can be used. 9bit spare IE in RRCConnectionResumeRequest-NB message can be used.

Option 2: MSG5.  nonCriticalExtension in RRCConnectionSetupComplete-NB message and RRCConnectionResumeComplete-NB can be used.

Option 3: Other candidate solutions.
Companies’ view:

MSG3 reporting: TMRND, III, Qualcomm, LG

MSG5 reporting: Huawei, NOKIA, Intel, GTO
MSG3 or MSG5 reporting: CMCC, ZTE, Ericsson, MediaTek
Proposal 2: RAN2 is kindly asked to further discuss which uplink message is utilized to carry the information, i.e., MSG3 or MSG5.
Q3: How to trigger the reporting?

Option 1: A threshold is needed. Only when the measured RSRP is lower than the threshold, does the UE need to contain available results into the uplink message. The threshold can be broadcasted in system information.

Option 2: No threshold is needed. UE always contains available results into the uplink message.

Companies’ view:

Support Option 1: CMCC, ZTE, MediaTek

Support Option 2: Huawei, TMRND, III, Qualcomm, Nokia, Intel, LG, GTO
Support Option 1&2: Ericsson
3 companies support option 1. 8 companies support option 2. 

Proposal 3: No threshold is needed to trigger the reporting.
Q4: Which release is this feature to be introduced, i.e. Rel-14?
Most of the companies agree to introduce this feature into Rel-14 with early implementation in Rel-13.

Proposal 4: This feature is to be introduced in Rel-14 with early implementation.
5 Conclusions
Proposal 1: NRSRP and NRSRQ can be reported by NB-UE.
Proposal 2: RAN2 is kindly asked to further discuss which uplink message is utilized to carry the information, i.e., MSG3 or MSG5.
Proposal 3: No threshold is needed to trigger the reporting.
Proposal 4: This feature is to be introduced in Rel-14 with early implementation.
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