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1 Introduction

In RAN4 #70 meeting, some contributions provided some preliminary analysis on RRM impacts for 3DL/1UL CA topic [1]-[2]. However, since it’s the very beginning discussion on RRM part, different companies provided the different views:
In [1], the following RRM aspects are proposed to be impacted:
· SCell activation and deactivation requirements
· interruption requirements in CA

· requirements for support of event triggering and reporting criteria
· measurement requirements for CA
· RSTD requirements for CA
In [2], the proposal is the increased number of downlink component carrier of CA has no impact on technical content in RRM core requirements.
In this paper, we give our opinions on the overview RRM impacts for 3DL/1UL CA topic. Based on the analysis, the corresponding proposals are given in the conclusion part.
2 Discussions
In this section, we discuss the RRM impacts for 3DL/1UL CA issue. 

Firstly, for 3DL/1UL CA topic, this is a specific WI in Rel-12. In 36.133, our thinking is that, the general way shall be considered to cover all cases if we can confirm there are no other impacts on RRM areas. For example, in near future, maybe 4DL, or 5DL CA will be introduced. If we go through the core part again and again from 2 DL, 3 DL to N DL, it will cost a lot of effort to go over all the core requirement parts. Therefore, we suggest using a general way to define the CA cases with multiple downlink carriers.
Proposal 1:A general way shall be considered to cover the N DL CA cases (N>=2) in RRM requirements.
Secondly, we go through the core parts of 36.133.

· E-UTRAN Handover Requirements

For handover requirements, there is already a description for CA, i.e., 

Unless otherwise stated, the requirements in sections 5.1, 5.2.2.2, 5.2.2.3, 5.2.2.4, 5.3 and 5.4 are also applicable when a UE is configured with Scell(s).
As stated in [1] and [2], there is not necessary to have more clarifications in this section. Handover is implemented only on PCell. However, since in the later clauses of 36.133, there will be some clarifications for number configured SCell(s). 
Then, maybe a better way is to modify descriptions for alignment as:

Unless otherwise stated, the requirements in sections 5.1, 5.2.2.2, 5.2.2.3, 5.2.2.4, 5.3 and 5.4 are also applicable when a UE is configured with one or more than one Scell(s).(or use: up to two)
Anyway, we’re also fine with current descriptions in section 5 without any further clarifications.
Proposal 2:For handover requirements, a slightly modification for number of configured SCell(s) may be better for alignment in 36.133.
· RRC Connection Mobility Control Requirements

For RRC connection mobility control part, most of the related requirements (re-establishment, re-direction) are only related to PCell. For RACH requirements, based on the RAN2 agreements, there are some descriptions for contention RACH and non-contention RACH requirements as follows:
Contention based random access procedures can only be carried out on PCell, while non-contention based random access procedures can be carried out on both PCell and an activated SCell.
…
The UE shall stop preamble transmission if maximum number of preamble transmission counter has been reached for the random access procedure on an activated Scell as specified in clause 5.1.4 in TS 36.321 [17].

From this description, it’s already the general way to introduce the non-contention RACH requirements. The 3DL/1UL CA case has been involved into the requirements, and there are no RRM impacts on 3DL/1UL CA.
Proposal 3: There are no impacts for RRC Connection Mobility Control requirements under 3DL/1UL CA case.
· Timing and Signalling Characteristics Requirements

For timing related requirements of section 7 in 36.133, there are following issues which are related to the CA:

· UL Transmit timing

· RLM

· SCell activation/deactivation delay

· Interruption requirements with CA

From the technical part, there are no impacts for the UL transmit timing, RLM and SCell activation/deactivation delay requirements. The reasons are:

· For UL transmit timing, the reference timing of UE is derived from the PCell in pTAG. Since this new WI is only 1UL, thus, there is no impact in transmit timing requirements.

· For RLM, this function is only implemented on PCell. 
· For SCell activation/deactivation delay, current requirement has introduced the general way to capture the requirement that a SCell to be activated under worst case and typical case. No matter how many downlink SCell(s) are configured, the 24ms or 34ms activation time can be the reused since the activation procedure is not changed.
For the detailed specification description, some wording changes are needed in order to cover the 3DL/1UL CA case. But technically, there are no impacts for these areas.

Proposal 4: Technically, there are no impacts for UL transmit timing, RLM and SCell activation/deactivation delay under 3DL/1UL CA case. Some wording changes are needed in order to set a general way to cover the 3DL/1UL CA case in core part.
· For Interruption requirements in CA

For interruption requirements in CA, currently, only PCell interruption requirements with carrier aggregation are introduced in section 7.8 in 36.133. For the 3DL/1UL CA case, if the two downlink SCells are configured, and one SCell is activated, the other SCell is de-activated. It’s straightforward that, the measurement interruption will cause some impacts on the activated SCell.
For the 3DL/1UL case, typically, as declared in [1], the following cases shall be considered:
· Inter-band CA i.e. each CC in different band.

· Inter-band with 2 contiguous CCs i.e. 1 CC in one band and remaining 2 contiguous CCs in another band

· Inter-band with 2 non-contiguous CCs i.e. 1 CC in one band and remaining 2 non-contiguous CCs in another band

· Intra-band contiguous CA i.e. all 3 CCs are contiguous

· Intra-band non-contiguous CA i.e. 2 non-contiguous CCs

For the 3DL CA, it’s quite difficult to define the requirements of inter-band 3DL CA, or intra-band 3DL CA, the problem is:
· Currently, for 2DL CA, there is no confusion for the inter-band or intra-band definition. The inter-band or intra-band relationship is definitely defined for SCell and PCell.
· For 3DL CA, we could assume that, the inter-band or intra-band is defined for the PCell and the new add/release/activated/de-activated SCell. However, based on the above 3DL/1UL case, if the other SCell (first SCell) is activated, the intra-band or inter-band case may be different between the two SCells compared with that between the PCell and the new second SCell.
· Then, the new requirements for to cover the 3DL case shall be considered in order to align with the typical UE’s design for 3DL case.
Currently, the specifications define the requirements for 2DL as (only taking SCell activation/deactivation for example, the interruption for SCC measurement shall be similar analysis):

_____________________________________________________________________________________________

7.8.2.3
Interruptions at SCell activation/deactivation for intra-band CA

When an intra-band SCell is activated or deactivated as defined in [2] the UE is allowed an interruption of up to 5 subframes on PCell during the activation/deactivation procedure [2] delay - defined in Section 7.7. This interruption is for both uplink and downlink of PCell.
7.8.2.4
Interruptions at SCell activation/deactivation for inter-band CA

When an inter-band SCell is activated or deactivated as defined in [2] the UE that requires interrupt is allowed an interruption of up to [1] subframe on PCell during the activation/deactivation procedure [2] - defined in Section 7.7. This interruption is for both uplink and downlink of PCell.
_____________________________________________________________________________________________

Consider the 3DL UE design, the requirements for the interruption time may be relaxed due to the three carrier aggregations, especially for inter-band case. Based on the single-chip UE design, for the 3DL carrier aggregation, more interruption time is required. The 
_____________________________________________________________________________________________

7.8.2.x
Interruptions at SCell activation/deactivation for 3DL intra-band CA

When a intra-band SCell is activated or deactivated as defined in [2] the UE is allowed an interruption of up to [X] subframes on both PCell and the activated SCell if configured during the activation/deactivation procedure [2] delay - defined in Section 7.7. This interruption is for both uplink and downlink of PCell and the activated SCell provided that


-
PCC and two SCCs belong to intra-band contiguous CA, i.e., all 3 CCs are contiguous

-
PCC and two SCCs belong to intra-band non-contiguous CA, i.e., at least 2 CCs are non-contiguous
7.8.2.y
Interruptions at SCell activation/deactivation for 3DL inter-band CA

When an inter-band SCell is activated or deactivated as defined in [Y] the UE that requires interrupt is allowed an interruption of up to [2] subframe on PCell and the activated SCell if configured during the activation/deactivation procedure [2] - defined in Section 7.7. This interruption is for both uplink and downlink of PCell and the activated SCell provided that

· PCC and two SCCs belong to inter-band CA, i.e., each CC in different band
· PCC and two SCCs belong to Inter-band with 2 contiguous CCs
· PCC and two SCCs belong to Inter-band with 2 non-contiguous CCs

_____________________________________________________________________________________________

Proposal 5:There are impacts on interruption requirements at SCell activation/deactivation/SCC measurement. The new requirements shall be considered to cover all the possible 3DL intra-band and inter-band CA cases. 
· Measurements for E-UTRAN Carrier Aggregation
Regarding the RRM measurements for E-UTRAN CA, currently, the SCC measurements have already been relaxed due to the configured SCC measurement cycle as blew:
____________________________________________________________________________________________

When no DRX is in use the UE shall be able to identify a new detectable FDD or TDD cell on the secondary component carrier within Tidentify_scc, according to the parameter measCycleSCell where Tidentify_scc = 20 measCycleSCell
……
When DRX is in use the UE shall be able to identify a new detectable FDD or TDD cell on the secondary component carrier within Tidentify_scc, according to the parameter measCycleSCell where Tidentify_scc = max(20 measCycleSCell, Tidentify_scc1).
……
____________________________________________________________________________________________

Assume the PCell is on F1, and the first SCell is on F2. If another SCell is configured, which is on F3 (intra-band or inter-band case), the configured SCC measurement cycle may be used for both two SCells. However, from our point of view, this depends on the UE’s designs and implementations. 
If the UE contains three RF chains, which means the UE could measurement the F2/F3 simultaneously without gaps, the current measurement requirements on SCC can be reused. Regarding possible more relax measurement requirements, under this case, it seems not necessary to define the new measurement requirements with more relaxation. It’s suitable to keep the same measurement behaviour on both F2 and F3.
However, if the UE needs the gaps to measure the multiple SCells, i.e., UE may only have two RF chains to support 3DL CA. Then, the current requirements shall be modified to cover this case. Then, one possible way is for UE to measurement on F2 and F3 in serial way. For the minimum requirements in 36.133, at least, the Tidentify for SCell or Tmeasure for SCell shall be scaling for the Nfreq of two SCells, e.g., 
____________________________________________________________________________________________

When no DRX is in use the UE shall be able to identify a new detectable FDD or TDD cell on the secondary component carrier within Tidentify_scc, according to the parameter measCycleSCell where Tidentify_scc = 20 measCycleSCell*Nfreq
……
When DRX is in use the UE shall be able to identify a new detectable FDD or TDD cell on the secondary component carrier within Tidentify_scc, according to the parameter measCycleSCell where Tidentify_scc = max(20 measCycleSCell, Tidentify_scc1)*Nfreq.
……
____________________________________________________________________________________________

For the E-UTRAN measurement, we need more time to consider the corresponding measurement requirements.
Proposal 6:For E-UTRAN measurement parts, we need more time to consider the corresponding measurement requirements based on the typical UE’s design for 3DL CA. 
3 Conclusion
In this contribution, we give some investigations on RRM impacts on 3DL CA. The following proposals are given:
Proposal 1:A general way shall be considered to cover the N DL CA cases (N>=2) in RRM requirements.
Proposal 2:For handover requirements, a slightly modification for number of configured SCell(s) may be better for alignment in 36.133.

Proposal 3: There are no impacts for RRC Connection Mobility Control requirements under 3DL/1UL CA case.

Proposal 4: Technically, there are no impacts for UL transmit timing, RLM and SCell activation/deactivation delay under 3DL/1UL CA case. Some wording changes are needed in order to set a general way to cover the 3DL/1UL CA case in core part.

Proposal 5:There are impacts on interruption requirements at SCell activation/deactivation/SCC measurement. The new requirements shall be considered to cover all the possible 3DL intra-band and inter-band CA cases. 
Proposal 6:For E-UTRAN measurement parts, we need more time to consider the corresponding measurement requirements based on the typical UE’s design for 3DL CA. 
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