Page 1
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #88
R2-145168
San Francisco, USA, November 17th - 21st, 2014
Agenda Item:
7.1.2.1
Source:
InterDigital Communications

Title:
RRC Signalling and Length of SCG Measurement Gap in LTE DC
Document for:
Discussion, Decision
1 Introduction
During RAN2#87 [1], it was agreed that the UE would use a common measurement gap configuration for both CGs, i.e. there is only a single measurement gap configuration for the UE in RRC which is controlled by the MeNB, the timing of the gap (SFN and subframe boundary) refers to the timing of the MeNB and the UE determines the starting point of the measurement gap based on the subframe boundary of the MCG serving cells.
Furthermore, RAN2#87 agreed to the following:

	  Measurement gap handling
  Common gap for the MeNB and the SeNB as gap mechanism for DC

  Regarding UE measurement gap capability, stick to current CA mechanism

  MeNB informs SeNB of the UE’s measurement gap configuration

  Extend the measurement gap for the SeNB is needed (at least for the asynchronous case)


An LS [2] was later sent to RAN4 asking the exact value of the extension of the measurement gap for the SCG at least for the asynchronous case.
During RAN1#78bis, the following agreement was made for the Power Control Mode (PCM) [2]:

	–“The network signal is explicit UE configuration

It is RAN1 understanding is that power control mode is consistent with other synchronous vs unsynchronous UE behaviors (e.g., measurement gap, definition of P_cmax) in dual connectivity”


During RAN4#71 and #72bis, RAN4 discussed the RRM measurement issues for DC. RAN4 has determined that for measurement purposes the length of the gap for asynchronous case “is the time from starting tuning to the end of retuning, which is up to 6 subframes for MCG and SCG” but that “the total interruption time on SCG is [7] subframes”. 
RAN4 included their conclusion in the LS reply R2-144732 [4] to RAN2.
Following RAN2#87bis, email discussion [87bis#01] was initiated to review the draft CR to TS36.331 [5].
Discussion [87bis#01] later included issue B.4 asking if “there is a need for signalling by which the network can indicate whether synchronous DC is configured i.e. to ensure that UE and E-UTRAN have the same view w.r.t. the measurement gap to be used (6 or 7ms)?”. The summary report suggested with proposal 10 [6] that the conclusion for this topic is “Do not introduce any additional signalling to indicate ‘synchronous’ or ‘use 7ms gap’ for now (no real need was identified)”. Indeed, no clear consensus could be found.
This contribution further discusses the need to indicate the length of the SCG measurement gap to the UE.

2 Length of SCG Measurement Gap
RAN4 has defined the measurement gaps and the interruption time for LTE DC as follow [4]:

·  Measurement Gap for synchronized case
· A Measurement GAP length, which is the time from starting tuning to end of retuning, is 6ms for SCG. No extension is needed for SCG.
· Measurement Gap for unsynchronized case
· The Measurement GAP length is 6 ms but a total interruption time on SCG is [7] subframe.
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Figure 1: Measurement GAP
Our understanding of the above is that the common measurement gap is the time that is allowed for the UE to retune and perform measurements in another frequency band (same as legacy). The measurement gap thus remains of a length of 6ms, and this is independently of the synchronization aspects between CGs. This is mainly because of the requirement in TS36.133 that E-UTRAN must provide a single measurement gap pattern with constant gap duration for the measurement requirements specified in TS36.133. However, for the asynchronous case, the total interruption time related to the common measurement gap becomes 7ms (a value that RAN4 still needs to confirm, FFS if it may be 8ms) because of the timing difference between CGs that may be up to 500us.
2.1 Impacts of the extension to the interruption time to SCG MAC

During this 7ms interruption time for the SCG, it is our further understanding that the UE cannot receive or decode PDCCH, PDSCH (including for a configured downlink assignment) or any other downlink transmissions. Similarly, the UE cannot perform any uplink transmissions on PUCCH (such as D-SR, even in the presence of a valid PUCCH occasion for SR), on PUSCH (such as using a configured grant) and on PRACH as well as any SRS transmissions.

· From the perspective of RAN2 (e.g. MAC, RRC), the SCG interruption time should be specified such that it corresponds to the length of the SCG measurement Gap.
Otherwise, if the UE always considers that the length of the measurement gap for the MCG and for the SCG is always 6ms even in asynchronous case, the UE behaviour for the 1ms extension to the interruption time for the SCG is unclear.

For example, many functions in TS 36.321 MAC, such as PRACH occasions, PDCCH monitoring, DRX active time, SPS, HARQ handling, etc, consider and are affected by the occurance of a measurement gap.  In case where the SCG measurement gap excludes the additional 1ms interruption time and is always 6ms, the UE behaviour may become impacted for a number of these functions and will have to be clarified. 

TS 36.321 specifies the handling of other types of interruption (such as for activation and deactivation) using explicit text. If the extension to the interruption time is not considered by MAC as part of the measurement gap, it may be necessary to handle the additional interruption explicitely as well.

Furthermore, there are a number of cases where the UE is mandated to perform behaviour “regardless of measurement gap” e.g. such as RAR reception and MSG4 reception for contention resolution. The UE behaviour for the 1ms additional extension should then also be clarified such that RACH is not affected.
Finally, the UE must also have means to determine the occurance and the length of the interruption time for the SCG when the common measurement gap is configured, such that it can determine the behaviour to apply in the 1ms extension of additional interruption time for the SCG in order to remain compliant with other specifications and in particular such as TS 36.213 when setting uplink transmission power for subframe #7 in figure 1.

· The UE must somehow determine what behaviour to apply in both the MCG and the SCG in the subframe that corresponds to the 1ms extension of the SCG interruption time.

Proposal 1: 
The UE SCG MAC shall consider that the length of the measurement gap is equal to the SCG interruption time as defined by RAN4 for the common measurement gap i.e. include the 1ms extension to the SCG interruption time as part of the measurement gap for SCG MAC.

2.2 Determination of the SCG interruption time

The next question is how the UE can determine the total SCG interruption time when the legacy measurement gap configuration is received as part of the MCG configuration OR when it is already part of the UE’s existing configuration.
We note here that this information should be exactly coherent with the configured PCM mode, because PCM1 cannot be applied when the timing difference is above 33us (the UE stops all transmissions for the SCG) .

More specifically, as indicated in RAN1 LS [2] and RAN4 WF [4] the UE should:

· Synchronous case: 
use PCM1 and measurement gap of 6ms corresponding to MCG/SCG interruption time of 6ms, when the UE is configured with measurement gaps in the configuration for MCG/PCell;
· Asynchronous case: 
use PCM2 and measurement gap of 6ms corresponding to an interruption time for MCG and SCG of 6ms and 7ms, respectively.
It may be argued that this could be left to UE implementation. In this case, the UE would first have to determine the timing difference between CGs i.e. whether the maximum timing difference between transmissions of different cells of different CGs is below or above 33us. However, if such determination is left up to UE implementation, RAN2 needs to ensure that UE implementation do not unnecessarily extend the SCG interruption time for a sync+async capable UE configured with PCM1 in a synchronized network. This would require specifying how and when the UE determines its uplink synchronization state and may also impact RAN4 specifications. Otherwise, the network may loose one additional 1 ms every measurement gap period while the UE implementation remains compliant.
· The UE must determine the length of the SCG interruption time, and this information should be exactly coherent with the configured PCM.

Consequently, and to ensure that both the SeNB and the UE have the same understanding of the SCG interruption time applied by the UE at any time, the following is proposed: 

Proposal 2: 
The UE shall determine the length of the interruption time for the SCG for the common measurement gap based on signaling received from the MeNB.

2.3 Signalling for SCG Measurement Gap Length

There are three possible alternatives to indicate the length of the SCG gap:

1) Use a dedicated configuration for the SCG measurement gap length (e.g. in SCG-Configuration-R12).

One possibility would be to add a measGapLength field e.g. in the SCG-Configuration-R12. This however introduces an undesirable dependency on the presence of the field being conditional to the configuration of the legacy measGap for the MCG either in the same reconfiguration message OR as part of the existing configuration.
It also introduces two combinations for PCM and SCG gap length that are incoherent for the NW and erroneous to the UE i.e. [PCM1, 7ms] and [PCM2, 6ms].
An additional (but not so desirable) clarification in the field description would then be required e.g. “E-UTRA does not configure combinations of SCG gap length with a value for PowerControlMode of [7ms, 1] and [6ms, 2] respectively”.
There is also no clear signalling benefit to this approach.
SCG-Configuration-r12 ::=        CHOICE {

    release                          NULL,

    setup                            SEQUENCE {

        scg-measGapLength                ENUMERATED (n6, n7),

        scg-ConfigPartMCG                SEQUENCE {

           scg-Counter-r12                      INTEGER (0.. 65535),      OPTIONAL,  -- Need ON

           powerCoordinationInfo-r12        PowerCoordinationInfo-r12 OPTIONAL   -- Need ON

       },

       scg-ConfigPartSCG                SCG-ConfigPartSCG-r12

    }

}

	RRCConnectionReconfiguration field descriptions

	Scg-measGapLength
This field is used to indicate the total interruption time for the SCG when the UE is configured with a measurement gap. The UE shall consider that subframes part of the interruption time are part of the measurement gap from the perspective of the SCG MAC [ref]. E-UTRA does not configure combinations of a value for this field and with a value for PowerControlMode of [n7, 1] and [n6, 2] respectively.


2) Use a new parameter to reflect the assumption of the network regarding (a) synchronous operation (e.g. in SCG-Configuration-R12 a parameter that signals, synchronous or asynchronous):

The UE could use this parameter to determine the applicable Power Control Mode [PCM1/PCM2] and the length of the SCG gap [6ms, 7ms] (if the MCG measurement gap is also configured). This parameter would replace the PowerControlMode-r12 in the PowerCoordinationInfo-r12 from the endorsed version of the draft CR. There is no additional bits needed to achieve this and no incoherent combinations for PCM and SCG gap length are introduced.
PowerCoordinationInfo-r12 ::= SEQUENCE {


p-MeNB-r12






INTEGER (1..16),


p-SeNB-r12






INTEGER (1..16),


powerControlMode-r12



INTEGER (1..2)

}

SCG-Configuration-r12 ::=        CHOICE {

    release                          NULL,

    setup                            SEQUENCE {

        maxTimingDifferenceSCG           ENUMERATED (synchronous, asynchronous),

        scg-ConfigPartMCG                SEQUENCE {

           scg-Counter-r12                      INTEGER (0.. 65535),      OPTIONAL,  -- Need ON

           powerCoordinationInfo-r12        PowerCoordinationInfo-r12 OPTIONAL   -- Need ON

       },

       scg-ConfigPartSCG                SCG-ConfigPartSCG-r12

    }

}

	RRCConnectionReconfiguration field descriptions

	maxTimingDifferenceSCG 

This field is used to indicate the applicable power control mode [PCM1 or PCM2, with proper reference to RAN1 specs] and the total interruption time for the SCG when the UE is configured with a measurement gap. The UE shall consider that subframes part of the interruption time are part of the measurement gap from the perspective of the SCG MAC [ref]. The UE shall apply PCM1 and use a 6ms measurement gap (if configured) when it is set to “synchronous”, otherwise it shall apply PCM2 and use a 7ms measurement gap (if configured).


3) Use the existing parameter PowerControlMode-r12:
This could be simply achieved by adding descriptive text for the field the PowerControlMode-r12 in the PowerCoordinationInfo-r12 from the endorsed version of the draft CR [5].
No additional bit(s) are needed and no incoherent combinations for PCM and SCG gap length are introduced.
PowerCoordinationInfo-r12 ::= SEQUENCE {


p-MeNB-r12






INTEGER (1..16),


p-SeNB-r12






INTEGER (1..16),


powerControlMode-r12



INTEGER (1..2)

}

	RRCConnectionReconfiguration field descriptions

	powerControlMode 

This field is used to indicate the applicable power control mode [PCM1 or PCM2, with proper reference to RAN1 specs] and the total interruption time for the SCG when the UE is configured with a measurement gap. The UE shall consider that subframes part of the interruption time are part of the measurement gap from the perspective of the SCG MAC [ref]. The UE shall apply PCM1 and use a 6ms measurement gap (if configured) when it is set to 1, otherwise it shall apply PCM2 and use a 7ms measurement gap (if configured) when it is set to “2”.


For the explicit indication from the network to the UE, our view is that adding a dedicated configuration for the SCG measurement gap length is both unnecessary signaling and unnecessary complexity given the above. Our preference is for a common parameter using either alternative 2) or preferably 3) above such that the handling of the signaling of the SCG measurement gap length is simplified and such that combinations that are incoherent for the network and erroneous for the UE are de facto excluded.
Consequently, the following is proposed:

Proposal 3: 
The UE shall determine the length of the SCG measurement gap from the configuration of the power control mode, if the common measurement gap is also configured i.e. alternative 3) above.

We also think that this approach reflects better the understanding as expressed by RAN1.
3 Conclusion

RAN2 should discuss and also agree to the following:

Proposal 1: 
The UE SCG MAC shall consider that the length of the measurement gap is equal to the SCG interruption time as defined by RAN4 for the common measurement gap i.e. include the 1ms extension to the SCG interruption time as part of the measurement gap for SCG MAC.

Proposal 2: 
The UE shall determine the length of the interruption time for the SCG for the common measurement gap based on signaling received from the MeNB.

Proposal 3: 
The UE shall determine the length of the SCG measurement gap from the configuration of the power control mode, if the common measurement gap is also configured i.e. alternative 3) above.
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