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1 Introduction:
RAN4 would like to thank RAN2 for their LS R2-102664 entitled “UE RF model and capability”. RAN4 is of the following opinions:
Carrier addition/deletion, activation/deactivation
Case 1:
Currently operating RF chain and baseband can continue to be used, but might have to be re-tuned
Case 2:
A separate RF chain that is not currently operating needs to be activated
Q1:
Would some form of interruption in transmission/reception of ongoing communication occur in those cases?

In response to Q1:
In Rel-10, in the case intra-band contiguous aggregation, UE may adopt a single wideband-capable (i.e., >20MHz) RF front end and a single FFT, or alternatively multiple “legacy” RF front ends (<=20MHz) and FFT engines. In the case inter-band aggregation, non adjacent inter separate RF front end are necessary [1].

· For carrier addition
In case1, the currently operating RF chain and baseband continue to be used when a carrier is added. As we know the initial state of the added CC is configured-but-deactivated, and the time for activating a deactivated carrier by means of RF chain retuning is a few hundreds of microseconds. That is to say, UE has the ability to switch very fast from deactivated state to activated state. Thus there is no need to re-tuning the RF chain during the carrier addition procedure in case1. Naturally, there is no impact on the transmission/reception of ongoing communications when a carrier is added.
Case2 is related to the inter-band non-contiguous aggregation scenario or contiguous carrier aggregation scenario.  The carrier addition in a separate RF chain seems to have negligible impact on the transmission/reception of ongoing communications on the other RF chain when a carrier is added. 
· For carrier activation

For case1, when a carrier is activated, the currently operating RF chain has to be tuned to the wider bandwidth, which would result in interruptions to the data reception of ongoing communication of the activated carriers. 
For case2, when a carrier is activated, activating a separate RF chain has negligible impact on the ongoing communication of the activated carrier.
Q2:
If an interruption occurs, how long would the interruption be?

In response to Q2: 
The question is related to carrier activation in case1. When a deactivated carrier is activated, the time for RF re-tuning mainly including the time for “PLL locking” and the time for “ADC adjustment” is not more than a few hundreds of microseconds [2]. Taking the shortest resolution of scheduling duration into account, the interruption time of the ongoing communication on the activated carrier is at most one TTI (1ms).
Q 3:
Does the same effect arise in case of CC deletion/deactivation (i.e. reversing the above mentioned actions)?

In response to Q3: 
· For carrier deletion

When a carrier is deleted, the carrier can be in deactivated state or activated state. 
For the single RF front end Rx architecture which is correspondent to case1, from the UE power saving point of view, the RF bandwidth should be changed to receive the “remaining” activated carrier. If a carrier in deactivated state is deleted, the current center frequency has already been aligned with the activated carrier. Thus there is no impact on ongoing communication of the activated carriers. However if a carrier in activated state is deleted, the RF re-tuning should be performed. There is the similar impact as the carrier activation in case1.
For multiple separate RF front ends Rx architecture which is correspondent with case2, if a carrier either in activated state or in deactivated state is deleted, the deactivation of the separate RF chain is expected to have negligible impact on the data reception of the activated carrier. 
· For carrier deactivation

There is the same effect of carrier deactivation as that of carrier activation.
Measurement on non-configured or configured-but-deactivated carrier
Case A:
Currently operating RF chain and baseband can continue be used, but might have to re-tuned

Case B:
A separate RF chain that is not currently operating needs to be activated

Case C:
Neither of case A nor case B (Aggregated set including the activated CCs + measured CC can not be supported by UE RF capability)

Q 4:
Would some form of gap/interruption in transmission/reception of ongoing communication occur in those cases?

In response to Q4: 
In case A, UE changes the center frequency corresponding to the aggregated wider bandwidth in order to measure the non-configured or configured-but-deactivated carrier. Since the currently operating RF chain is used for both measurement and data reception, the RF retuning will result in the disruption in the ongoing connection due to the center frequency adjustment. 
In case B, a separate RF chain is activated in order to perform measurement on the non-configured or configured-but-deactivated carrier. The case corresponds to multiple separate RF front end architecture. From the RF point of view, turning on a separate RF chain has negligible impact on the data reception of operating RF chain.

In case C, the aggregated set is out of the scope of UE RF measurement capability. Thus a measurement gap should be needed.
Q 5:
If a gap/interruption occur, how long would the gap/interruption be?

In response to Q5: 
for case A, the time for RF re-tuning mainly includes the time for “PLL lock time”, the time for “filter adjustment” and the time for “changing ADC sampling rate”, thus the interruption time due to RF re-tuning to the wider bandwidth is less than a few hundreds of microseconds. For case C, the measurement gap can be 6ms as in Rel-8/9[3].
Q 6:
If a gap/interruption occur, what form of the gap/interruption would that be? (e.g. interruptions only for RF retuning before and after measurement, A continuous gap/interruption for the measurement duration in addition to RF retuning before and after measurement)

In response to Q6: 
For case A, the action “RF retuning” causes the interruption of the data reception of the activated carriers. While after the RF retuning to the wider bandwidth, the RF chain can be used for both data reception and measurement, that is to say, there is no interruption during UE performs measurement. After measurement, from UE power saving point of view, the RF chain will be re-tuned to the original center frequency which will also cause data interruption. Consequently, the interruption is only for RF retuning before and after measurement in case A. For case C where a gap is needed, the measurement gap is a continuous gap as Rel-8/9. As we know, in Rel-8/9, the gap length includes both inter-frequency measurable time and some delays due to frequency switching and other factors.
Q 7: Is there any difference between non-configured CC and configured-but-deactivated CC in those regards, e.g. because of different performance requirements and/or power consumption considerations?
In response to Q7: 
There is difference between the measurement requirement of non-configured CC and that of the configured-but-deactivated CC. From the carrier management point of view, the measurement requirements of non-configured carrier may be relaxed. From the mobility measurement point of view, the measurement requirements of non-configured and the deactivated carrier depends on the mobility scenarios.  
eNB awareness on UE condition (cases 1/2 and A/B/C)
Question 8:
If interruption occurs in any of afore-mentioned cases, can an existing or new signalled UE capability be used by the eNB to distinguish afore-mentioned cases? 

In response to Q8: 
In Rel-8/9, the UE sent its RF capability to eNB in UE-EUTRA-Capability information element (IE). The IE indicates the RF supported band list and the need for measurement gaps when operating on the supported band and measuring on the inter-frequency band [4].
In Rel-10, in the case inter-band aggregation, non-adjacent separate RF front ends are necessary. Although the information that UE has multiple separate RF chains can be deduced by the element “interFreqNeedForGaps” in UE-EUTRA-Capability IE, but RF implementation (e.g. the number of RF chain or/and the supported bandwidth etc.) may be needed to signaled to eNB.
In the case intra-band contiguous aggregation, UE may adopt a single wideband-capable RF front end and a single FFT, or alternatively multiple “legacy” RF front ends and FFT engines. The discussion of the UE capability report in multiple RF front ends Rx architecture is similar as that of the inter-band aggregation scenario. The discussion of single Rx architecture is as following. For the carrier activation/ deactivation in case1 and the measurements in case A, currently operating RF chain and baseband can continue to be used, but might have to be re-tuned. Based on the preceding analysis, the interruption time caused by RF re-tuning is less than 1ms. Thus we suggest that UE can activate/deactivate an adjacent carrier or perform measurements on the carrier without gap. But if UE doesn’t report its RF implementation to the network, the network regards that UE has only one RF and configures measurement gaps to UE. Consequently, the UE RF implementation (e.g. RF configuration or the maximum bandwidth the UE supported etc.) may need to be signaled to the network.
2 Actions:
RAN4 kindly asks RAN2 to take into account the above information in the continuing work on CA.

3 Date of Next TSG-RAN WG4 Meetings:

3GPP TSG-RAN WG4 Meeting Ad Hoc 2010 #03
Bratislava, Slovakia
3GPP TSG-RAN WG4 Meeting #56




Madrid, Spain
4 References:

[1] 3GPP TR 36.815 v9.2.0, “LTE-Advanced feasibility studies in RAN WG4”
[2] R4-101724 “Discussion on measurement gap in CA”, Huawei
[3] 3GPP TS 36.133 v9.3.0, “Requirements for support of radio resource management”
[4] 3GPP TS 36.331 v9.2.0, “Radio Resource Control (RRC)”

































PAGE  
1

