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1. Introduction

This is the summary of the Email discussion [82#23] [UMTS/DC-HSUPA] on Inter frequency measurements

[82#23][UMTS/DC-HSUPA] Inter frequency measurements using the intra frequency NCL (Broadcom)

-
Discuss the inter frequency measurements using the intra frequency NCL and the remaining open issues in R2-132094

=>
Intended outcome: Email discussion summary and if need a draft CR

2. Discussion

At RAN2#82 meeting, companies discussed several open issues regarding measurements on the secondary frequency for DC-HSUPA based on documents [1], [2]. 

A number of agreements were reached, however it was not possible to conclude on the handling of inter-frequency measurements on the downlink frequency associated to the UL secondary frequency when configured.

Below the remaining open issues are discussed.

1. Which type of L1 measurement applies when the secondary UL frequency is configured  

Based on 25.331 section 14.2.0b.1 Frequency quality estimate – FDD cells, which specifies that UE performs frequency estimate on the cells in the secondary E_DCH active set, and on 25.133 section 8.1.2.2 which specified that intra-frequency measurement requirements apply to the secondary frequency, we propose to confirm that:

1a.  the cells on the secondary carrier are defined as intra-frequency cells and follows the intra-frequency measurements requirements

1b. this is independent on whether any intra-frequency measurement reporting is configured or not on the secondary frequency

	Company
	comments

	Broadcom
	The UE only perfoms intra-frequency measurements at L1 level on the frequency associated to the secondary UL frequency. This is independent on whether intra-frequency or/and inter-frequency measurements are configured at L3 level

	E, ST-E
	Agree on 1a and 1b. 

Our understanding of 1b is that, as soon as the secondary UL frequency is configured and regardless on whether the intra-frequency measurements on the secondary UL frequency are configured or not, the UE will measure the secondary E-DCH active set instead of the virtual active set. 

As a consequence of this, inter-frequency measurements on secondary frequency are always stopped when the secondary UL frequency is configured  (because the UE hasn’t received the measurement configuration for intra frequency measurement on secondary UL frequency yet)

Additional comment: should the above considerations regard all the inter-frequency measurements except those on the active set (on primary carrier) for events 2d and 2f? (as these measurements are defined as inter-frequency measurements but are indeed intra-frequency measurements on the primary frequency)

	Huawei, HiSilicon
	Agree on 1a and 1b.

	InterDigital
	Agree on 1a and 1b

	NSN
	Our view is that it is merely a question of a UE internal implementation and design, whether it performs only “intra-frequency L1” measurements both “intra- and inter-frequency L1” measurements, as long as the network can configure both L3 measurements types on the secondary carrier without the compressed mode. Of course, there should be no ambiguity with regards to which measurements requirements are applied to L3 inter-frequency measurements on the secondary carrier. If the L3 inter-frequency measurements on the secondary carrier have the intra-freq measurement requirements, then it is irrelevant (from the network point of view) whether a UE internally has one or several L1 measurements.

	Intel
	We disagree with 1a and 1b. We think that inter-frequency measurements can be continued when secondary UL frequency is configured, so L1 needs to handle the types of measurements (intra- or inter-frequency) acc. to L3 measurement configuration and RAN4 performance requirements.

	Qualcomm
	We share the same view as NSN. This would be the UE implementation dependent, as long as the network can configure intra-f and inter-f measurements and receive the corresponding measurement report.


Summary:

· Four companies think that the UE performs “intra-frequency measurements” and this, regardless of whether intra-frequency or inter-frequency measurement reporting is configured.

· Two companies think this is UE implementation dependent whether UE performs only “intra-frequency measurements” or “intra- and inter-frequency measurements”  as long the network can configure intra-frequency and/or inter-frequency measurement reporting without compressed mode 
· One company thinks that UE performs ‘Intra-frequency measurement” and/or “inter-frequency measurements” according to the L3  configuration

2. Which neighbouring cell lists is used to perform the measurements, measurement evaluation and measurement reporting

The quality estimate for the secondary frequency uses the measurement results of the cells included in the secondary E-DCH active set. So the UE does not need any extra information for which cells to measure.

However 25.331, section 8.4.0. indicates that the UE shall only consider active set cells that are included in the CELL_INFO_LIST for measurement evaluation and reporting.

	Cells that the UE is monitoring are grouped in the UE into three mutually exclusive categories:

1.
Cells, which belong to the active set. User information is sent from all these cells. In FDD, the cells in the active set are involved in soft handover. In TDD the active set always comprises one cell only. The UE shall only consider active set cells included in the variable CELL_INFO_LIST for measurement; i.e. active set cells not included in the CELL_INFO_LIST shall not be considered in any event evaluation and measurement reporting.

2.
Cells, which are not included in the active set, but are included in the CELL_INFO_LIST belong to the monitored set.

3.
Cells detected by the UE, which are neither in the CELL_INFO_LIST nor in the active set belong to the detected set. Reporting of measurements of the detected set is only applicable to intra-frequency measurements made by UEs in CELL_DCH state


This raises the question of which neighbouring cell list the UE should use for inter-frequency measurement evaluation and reporting:

2a. when intra-frequency measurement and inter-frequency measurement are configured  

2b. when only inter-frequency measurements are configured on the secondary frequency

	Company
	comments

	Broadcom
	The UE perfoms only one intra-frequency measurement on the frequency associated to the secondary UL frequency, which is used to maintain the secondary E-DCH active set  (this was clarified by 25331 CR 4024)

Based on this, we think that the UE uses the Intra-frequency cell info on secondary UL frequency for the measurement evaluation and reporting. This is independent on which L3 measurement is configured

	E, ST-E
	2a: secondary E-DCH active set cells belonging to the CELL_INFO_LIST entry for intra-frequency measurements on secondary UL frequency.

2b: if the secondary UL frequency is configured, 2a still applies. As a consequence the UE will not be able to perform inter-frequency measurements (with the exception probably of measurements for e2d and e2f) if the intra-frequency measurements are not configured on the secondary UL frequency 

	Huawei, HiSilicon
	We think that the UE will only consider “Intra-frequency cell info list on secondary UL frequency” for measuring the cells on the secondary UL frequency if DC-HSUPA operation is configured.

Regarding 2a, we think that the UE should perform intra-frequency measurement and inter-frequency measurement in parallel. Intra-frequency measurement is used to maintain the secondary E-DCH active set, and inter-frequency measurement is used to perform inter-frequency handover (note that it is critical when the UE moves out of the coverage of the serving frequency).

Regarding 2b, we share the same view as E, ST-E.

	InterDigital
	We agree with Broadcom. The UE uses intra-frequency cell info for measurements on the configured secondary UL frequency.  The UE also needs to meet the intra-frequency measurement requirements on this frequency.  

We should be careful when discussing what cell info the UE uses for measurement evaluation and how the measurements are used (e.g. which events are evaluated with the taken measurements). It is important to differentiate the two. More specifically, while we will use the intra-frequency cell info list to take intra-frequency measurements on secondary freq, the UE can still evaluate both intra and inter-frequency related events (e.g. 1x and 2x) with those measurements.  

We agree with Huawei that it is critical for the UE to evaluate both intra and inter-frequency events.  However this requirement can be satisfied by taking only intra-frequency measurements using the intra-frequency cell info list and using these measurements to evaluate both 1x and 2x (if configured by network), therefore there is no need to take both intra and inter measurements in parallel.  

	NSN
	For 2b, a UE uses inter-frequency NCL list.

For 2a. On the one hand, we can indeed consider using only the intra-frequency NCL list. On the other hand, if 2b already assumes that a UE must support and follow the inter-frequency list, then why should we mix them? It may cause an unnecessary confusion if for instance first there are only inter-frequency measurements, and intra-frequency measurements are configured later. Presence or absence of the intra-frequency measurements will cause a UE to switch between different lists, and so the network must do. Our view is that for the sake of simplicity, two independent lists can be supported. 

	Intel
	To 2a: We think that the UE uses the “Intra-frequency cell info list on secondary UL frequency” (incl. the secondary E-DCH active set cells) for inter-frequency measurement evaluation and reporting when secondary UL frequency is configured.
To 2b: We think that the UE uses the inter-frequency NCL (incl. the secondary E-DCH active set cells) for inter-frequency measurement evaluation and reporting when secondary UL frequency is configured.

	Qualcomm
	For 2b, the UE uses inter-frequency NCL and the secondary ASET for inter-frequency measurement evaluation.

For 2a, we prefer to use only one NCL to perform intra-frequency and inter-frequency measurement. We can further discuss how this NCL is generated. We do not have a strong opinion on if this NCL is merged or if this NCL is simply the intra-frequency NCL. This can be decided by the network. If the network remove all cells in the inter-frequency NCL in the MCM, the UE can only take intra-frequency NCL; otherwise, the UE can merge two NCLs together.

For 2a, we are also open to have two separate NCLs to perform intra-f and inter-f measurements. 


Summary:

When both intra-frequency measurement and inter-frequency measurement reporting is configured:

· Five companies think that the UE uses the cells in the “Intra-frequency cell info list on secondary UL frequency” 
· Two companies are open on using one NCL or two separate NCL.
When only inter-frequency measurement reporting is configured  

· Four companies think that the UE uses the cells in the “Intra-frequency cell info list on secondary UL frequency”  
· Three companies think that the UE uses the cells in the “Inter-frequency cell info list” 

3.  ‘Stop’ or ‘Continue’ ongoing inter-frequency measurements at configuration of the secondary UL frequency  

If the UE was already configured with inter-frequency measurements on the secondary frequency, it could theoretically continue measuring the frequency. This would avoid additional signalling to restart the measurement.

However, this would require the UE to switch from the ‘virtual active set’ to the ‘secondary E-DCH active set’ and it also depends on which NCL the UE use for the measurement evaluation and reporting (see topic 2 above)

	Company
	comments

	Broadcom
	For simplicity, we prefer that the UE stops the inter-frequency measurement when the secondary UL frequency is setup 

	E, ST-E
	As commented in 1, the UE needs necessarily to stop the inter-frequency measurements (probably with the exception of e2d and e2f) when the secondary UL frequency is configured since the intra-frequency measurement configuration is received only after the configuration of the secondary UL carrier. 

When receiving the intra-frequency measurement configuration for secondary UL carrier, we think that the UE shouldn’t autonomously resume the inter-frequency measurements that were stopped. If the network wants the UE to resume the inter-frequency measurements (which might not always be the case), it should send an explicit indication (via MEASUREMNT CONTROL). This would reduce ambiguities and risk of misalignment between UE and network measurement configurations. 

	Huawei, HiSilicon
	As we comment in issue 2, we think that it is possible for the UE to perform intra-frequency measurement and inter-frequency measurement in parallel if DC-HSUPA operation is configured (if both are configured by the network), so it is expected that the UE should continue ongoing inter-frequency measurements, because the inter-frequency measurements are critical for inter-frequency handover.

In addition, the “continue” behaviour would avoid additional signalling to restart the measurement.

	InterDigital
	Agree with Broadcom and Ericsson. We prefer that the UE stops inter-frequency measurements and waits for a new configuration to resume measurements. 

This is in line with legacy behaviour when an inter-frequency handover occurs and avoids any potential UE misbehaviour and ambiguity during this transition phase (e.g. when a secondary freq. is configured)

	NSN
	We do not have a strong preference on whether to “stop” or “continue”. However, it seems a bit more natural for us to “continue”. The reason is that if there is an established inter-frequency measurement, there is a purpose for it. If we stop it, then it will require the network to send yet another message to resume the measurement process.

	Intel
	We think that stopping ongoing inter-frequency measurements causes a new special case for handling of inter-frequency measurements from UE implementation point of view. Therefore, we are in favour of continuing inter-frequency measurements, On the other hand we have some doubts on the switch from VAS to secondary E-DCH active set (as introduced by CR4024). After review we see not big value for using secondary E-DCH active set for inter-frequency measurements. The main reason is that in case of release of secondary UL frequency the UE would need to switch back from secondary E-DCH active set to VAS, and these switches to/from VAS causes additional complexity. Therefore, we prefer to perform inter-frequency measurements on secondary UL frequency based on VAS.

	Qualcomm
	We do not see reasons to stop inter-frequency measurement upon configuration and de-configuration. We also do not see a big problem to switch between VASET and the secondary ASET. We can define rules to generate VASET once the UE is configured back to SC UL. It’s similar to inter-frequency NCL.


Summary:

· Three companies think that the UE shall stop the inter-frequency measurements on the secondary frequency when the secondary UL frequency is configured and that the network shall restart explicitly the inter-frequency measurement (via a MC message) if needed.
· Four companies do not see reasons to stop inter-frequency measurement and prefer to continue.
Two companies acknowledge that the handling w.r.t. the virtual active set and the secondary active  
needs to be clarified
4. ‘Stop’ or ‘Continue’ ongoing inter-frequency measurements at release of the secondary UL frequency  

Same as above, if the UE was already configured with inter-frequency measurement on the secondary frequency, it could theoretically continue. This would avoid the need for additional signalling to restart the measurement

Again, this would require the UE to switch from the ‘secondary E-DCH active set’ to the ‘virtual active set’. FFS how.

Also UE may need compressed mode to continue

	Company
	comments

	Broadcom
	For simplicity, we prefer that the UE stops the inter-frequency measurement when the secondary UL frequency is released 

	E, ST-E
	The UE should stop the inter-frequency measurements.  A further MEASUREMENT CONTROL is needed to re-start these measurements.

	Huawei, HiSilicon
	Same view as Broadcom.

	InterDigital
	We also prefer that the UE stops the inter-frequency measurements until reconfigured with a new Measurement Control message.

	NSN
	For the sake of simplicity and clarity, we prefer a symmetrical behavior to  the case when the secondary carrier is configured.

	Intel
	Under the assumption that the inter-frequency measurements are performed based on VAS and not on secondary E-DCH active set when the secondary UL frequency was configured, we prefer to continue the inter-frequency measurements when the secondary UL frequency is released.

	Qualcomm
	Same comments as in 3.


Summary:

· Four companies think that the UE shall stop the inter-frequency measurements on the secondary frequency when the secondary UL frequency is released and that the network shall restart explicitly the inter-frequency measurement (via a MC message) if needed.
· Three companies do not see reasons to stop inter-frequency measurement and prefer to continue.
Two companies acknowledge that the handling w.r.t  the virtual active set and the secondary active  need to be clarified
5. Measurement requirements when DC-HSUPA is configured

An additional question was raised at last meeting although it has no direct impact on RRC specification. i.e. does the RAN4 requirement  below imply : 4 frequencies in total (primary, secondary, + 2 other) , or 3  frequencies in total (primary, secondary, + 1 other)

	In CELL_DCH state, when dual uplink carrier frequencies are configured, the UE shall be able to monitor up to

-    32 intra frequency FDD cells (including active set) per intra frequency carrier, and

-    32 inter frequency cells, including

-    FDD cells distributed on up to 2 additional FDD carriers and

-    Depending on UE Capability, TDD cells, distributed on up to 3 TDD carriers and

-         …


	Company
	comments

	Broadcom
	We think the RAN4 requirement is 4 frequencies in total (primary, secondary, + 2 other)

	E, ST-E
	4 frequencies in total

	Huawei, HiSilicon
	Our understanding is 4 frequencies in total (primary, secondary, + 2 other).

	InterDigital
	Same understanding, 4 frequencies in total

	NSN
	4 frequencies in total.

	Intel
	We have the same understanding that the RAN4 requirements imply 4 frequencies in total. In addition we think that the RAN4 requirements do not preclude the case where on the secondary UL frequency both intra- and inter-frequency measurements are configured so that as result only 3 physical carrier frequencies are used.

	Qualcomm
	It’s 2+2 of 4 frequencies in total.


Summary:

· All companies agree  the RAN4 requirement is 4 frequencies in total (primary, secondary, + 2 other)
· One company thinks that, in case inter-frequency measurements are configured on the secondary frequency, the requirement is 3 in total. 
3. Conclusion 

Seven companies participated to this e-mail discussion. 

It does not seem possible to conclude on any point as, in most cases, the companies’ views are equally split.

Two main directions seem to emerge. However, there are still a number of open issues.

Direction 1

a) The E performs only intra-frequency measurements on the secondary UL regardless of which (intra- or/and inter-frequency) measurement reporting is configured. 

b) The UE uses the “Intra-frequency cell info list on secondary UL frequency” for intra- and inter-frequency measurement evaluation and reporting.
c) The UE stops the inter-frequency measurement on the secondary frequency when the secondary UL  frequency is configured / released. The network restarts explicitly the inter-frequency measurement afterwards if needed.
Direction 2

a) Intra-frequency and inter-frequency measurements on the secondary frequency are independent of each other. It is up to the UE implementation whether to perform one or two measurements. Inter-frequency measurements do not require compressed mode, it is FFS which RRM requirements apply.
b) Inter-frequency measurement reporting does not require intra-frequency measurement reporting to be configured. In that case, UE uses the inter-frequency neighbouring cell list for measurement evaluation and reporting. It is FFS whether UE uses one or two NCLs when both intra- and inter-frequency measurement reporting are configured.
c) the UE continues the inter-frequency measurement on the secondary frequency when the secondary UL  frequency is configured / released.  It is FFS how the UE switches between the VAS and the secondary E-DCH active set.

We propose to continue the discussion on-line at RAN2#83
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