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1
Introduction
In the recent RAN4 meetings, glitch issues due to Scell bandwidth retuning were intensively discussed [1-14], but no agreements were achieved. This contribution proposes way forward on this issue in order to finalize CA RRM issues in Release 10. 

2
Discussion

First of all, we summarize the points, which have been discussed in RAN4 so far, in the following:
· Option 1: Glitch should be prohibited.

· Packet drops due to glitches, which could not be handled by eNB, would significantly degrade system performance. 
· If glitches were allowed in the specification, bad UE might drop some packets due to other reasons, i.e. bad UE might drop essential packets when UE processor is very, very busy. Such bad behaviour should be avoided as much as possible.

· Battery saving effects due to bandwidth retuning would be negligible.

· eNB could handle Pcell/ Scell power imbalance issues by utilizing efficient RRM strategy.
· Option 2: Glitch should be allowed.

· Bandwidth retuning, which cause glitches, would be useful for battery saving.

· Pcell/ Scell power imbalance issues could be mitigated by bandwidth retuning. 

Secondly, we categorize CA deployment scenarios as follows, in order to clarify the whole picture of de-activated Scell issues: 

· Case A: Inter-band non-contiguous CA

RF chain of Scell is separate from that of Pcell, and therefore there are no glitch issues in case of activation/ de-activation occasions and de-activated Scell measurements, as shown in Figure 1.
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Figure 1 Case A (inter-band non-contiguous CA)
· Case B: Intra-band contiguous CA (Scenario #1)

In general, eNB would not make measurement configuration for Scell, because Pcell and Scell are co-located and overlaid, and Scell measurement is not so essential. 
Note 1: It is true that interference conditions in Scell cells might be different from those in Pcell due to different cell load in PCC/ SCC neighbour cells, and in this sense RSRQ measurements might be useful for Scell. However, the measurement bandwidth for RSRQ would not always be the whole system bandwidth, i.e. it might be 6 resource blocks in the middle of the system bandwidth, and therefore such interference observations would not be perfect even if Scell measurement is configured. 
Note 2: Furthermore, network operators would generally try to minimize the number of measurement carriers, because the measurement time would linearly increase as the number of measurement carriers increase, which would cause HO delay. 
Therefore, glitch issues would happen only in case of activation/ de-activation occasions. That is, de-activated Scell measurements would not need to be taken into account, as shown in Figure 2. 
Note 3: If the glitches due to bandwidth retuning are limited to the activation/ de-activation occasions, the above concerns raised in Option 1/ 2 would disappear. eNB scheduler could handle most of such glitches by avoiding scheduling for corresponding UE in Pcell, if the transition period between activation and de-activation is clearly specified. UE could obtain battery saving effects due to bandwidth retuning, although they might be small.
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Figure 2 Case B (intra-band contiguous CA)
· Case C: Intra-band contiguous CA (Scenario #3, #4 and #5)

In Scenario #3, Pcell and Scell are co-located, but Scell antennas are directed to the cell boundaries of Pcell. In Scenario #4, one cell provides macro coverage and the other cell (RRH) is used to improve throughput at hot spots. In Scenario #5, frequency selective repeaters are deployed, i.e. one of Pcell and Scell has repeaters to extend cell coverage. In these scenarios, Scell measurement would be needed. 
Therefore, glitch issues would happen in case of the activation/ de-activation occasions and de-activated Scell measurements, as shown in Figure 3. It is also noted that Pcell/ Scell power imbalance issues would happen only in this case. 
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Figure 3 Case C (intra-band contiguous CA)
Generally speaking, Scenario #3/ #4/ #5 is much more likely to happen in inter-band non-contiguous CA than in intra-band contiguous CA, i.e. Case B would be a normal case and Case C would be definitely a corner case. In this sense, the following observations are made: 
Observation #1: UE could obtain battery saving effects without uncontrollable glitches in most cases (Case A/ B).

Observation #2: Uncontrollable glitches must not be introduced for a corner case (Case C).
It is noted that in case glitches due to de-activated Scell measurements are allowed in the 3GPP specifications, most eNBs would never de-activate Scell in Case C to avoid the glitches, and as a result UE could not obtain any battery saving effects anyway. It implies that bandwidth retuning with glitches for de-activated Scell measurements would not help UE battery saving at all.
It is also noted that Pcell/ Scell power imbalance issues would happen whether Scell is activated or de-activated, i.e. eNB needs to avoid performance degradation due to the Pcell/ Scell power imbalance in Case C, irrespective of Scell activation/ de-activation. One reasonable solution would be to configure/ de-configure Scell by utilizing normal RRC procedures, i.e. eNB would configure Scell only when Scell received power is comparable to Pcell. It is sensible to utilize RRC procedures in UE mobility events such as entering a hot spot area. As a conclusion, Pcell/ Scell power imbalance issues should be handled separately from activation/ de-activation.
Although UE battery saving and Pcell/ Scell power imbalance would not be a good motivator as discussed above, some network operators might still need the bandwidth retuning in Case C. In such a case, the bandwidth retuning without glitches could be realized by normal measurement gaps, i.e. eNB configure the measurement gaps for Scell, in which UE could retune the bandwidth. In this operation, eNB configures the measurement gap for the carrier (future SCC) before adding it as a SCC, and does not de-configure it after Scell addition, as shown in Figure 4.
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Figure 4 Case C with measurement gaps (intra-band contiguous CA)
3
Way forward

Based on the analysis in the previous section, we propose the following way forward for activation/ de-activation issues:
· The transition period between activation and de-activation should be clearly specified.
· Packet drops (glitches) should be allowed in the transition period in intra-band contiguous CA.
· eNB could handle such packet drops by eNB scheduling.

· UE could retune the bandwidth in the transition period, if necessary.
· Any uncontrollable packet drops (glitches) should be prohibited, i.e. glitches due to de-activated Scell measurements must not be allowed.

· If network operators need bandwidth retuning even in Case C, it is recommended that normal measurement gaps should be configured for Scell.
· Bandwidth retuning with glitches would be allowed only in the measurement gaps.
· It would depend on network operators whether the measurement gaps are configured, and should not be mandated.
· From the UE point of view:

· RF retuning is allowed for intra-band contiguous CA:

· during the transmission period between activation/ de-activation, in case that RRM measurements are not configured for the SCC of a deactivated SCell, or
· during the transmission period between activation/ de-activation and the measurement gaps, in case measurement gaps are configured (even if RRM measurements are configured for the SCC of a deactivated SCell)
· RAN4 should not define any test case to verify glitch behaviours in the transition period and the measurement gaps.

· It is not a performance test, but a functional test. It should be handled in RAN2/ 5 specifications.

· Even if some test cases should be defined to verify non-glitch behaviours, the tests should be conducted in AWGN and high SIR conditions in order to exclude any ambiguity. 

It is also proposed that RAN4 should send LS to RAN2 to inform it of the above way forward.

4
Conclusions
This contribution discussed glitch issues due to Scell bandwidth retuning. Based on the analysis for the actual deployment scenarios, we proposed the following way forward:
· The transition period between activation and de-activation should be clearly specified.

· Packet drops (glitches) should be allowed in the transition period in case of intra-band contiguous CA.

· eNB could handle such packet drops by eNB scheduling.

· UE could retune the bandwidth in the transition period, if necessary.
· Any uncontrollable packet drops (glitches) should be prohibited, i.e. glitches due to de-activated Scell measurements must not be allowed.

· If network operators need bandwidth retuning even in Case C, it is recommended that normal measurement gaps should be configured for Scell.

· Bandwidth retuning with glitches would be allowed only in the measurement gaps.

· It would depend on network operators whether the measurement gaps are configured, and should not be mandated.
· From the UE point of view:

· RF retuning is allowed for intra-band contiguous CA:

· during the transmission period between activation/ de-activation, in case that RRM measurements are not configured for the SCC of a deactivated SCell, or
· during the transmission period between activation/ de-activation and the measurement gaps, in case measurement gaps are configured (even if RRM measurements are configured for the SCC of a deactivated SCell)
· RAN4 should not define any test case to verify glitch behaviours in the transition period and the measurement gaps.

· It is not a performance test, but a functional test. It should be handled in RAN2/ 5 specifications.

· Even if some test cases should be defined to verify non-glitch behaviours, the tests should be conducted in AWGN and high SIR conditions in order to exclude any ambiguity.
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