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1. Introduction
Introduction of non-co-located scenario for intra band non-contiguous CA has been discussed for several RAN4 meetings. In the RAN4#69, the following agreement was made and captured in the meeting minutes based on the way forward document of [1]. 

· Deployment scenario for Intra-band Non-contiguous CA has both collocated scenario and non-collocated scenario

· RAN4 will send LS to RAN2/RAN1 to reflect the Non-collocated scenario as one of the potential deployment scenario for not only inter-band CA but also for intra-band non-contiguous CA in 36.300.
In this contribution, we propose an essential specification for TS 36.101 to operate the scenario in a practical network. That is a new in-band blocking requirement.
2. Discussion
2.1 Clarification of the motivation
In this Section, we firstly clarify the scenario specifically we are interested in and would like to ensure UE RF performance for intra band NC CA non-co-located scenario. The associated channel arrangements are depicted in Figure 2.1-1.
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Figure 2.1-1: Channel arrangements to be considered

Thus, when it comes to considering intra band NC CA in non-co-located scenario, we take into account the following received power imbalance cases depicted in Figure 2.1-2.
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Figure 2.1-2: UE RF performance test cases to be considered
2.2 General aspect to be considered
As discussed in [2-11], some specific challenges to deploy intra band NC CA in non-co-located scenario have been discussed and identified. These are timing offset, noise over weaker wanted signal leaking from the eNB transmitting the other stronger wanted signal and large received power imbalance. In this contribution, we handle the challenge coming from the significant received power imbalance in a practical network where the imbalance can become a blocking issue.

Although even now there are some blocking related specifications such that ACS, in-band blocking, narrow band blocking and out-of band blocking in TS 36.101 for single LTE, they just guarantee some specific cases where the wanted signal level is close to REFSENS such that Case 1a and Case 2a as illustrated in Figure 2.1-2 except for ACS. In non-co-located scenario, however, it is highly likely for CA to be configured when both downlink signal levels are high where the receive power difference at a UE can be large as well. Thus, it is imperative to ensure the UE RF performance for that cases such that Case 1b and Case 2b illustrated in Figure 2.1-2.

· Observation 1: UE receiver’s ability for blocking should be ensured under the condition that both wanted signal levels are high for intra band NC CA. 

2.2 On new specifications
Although the next step we need to take would be how to incorporate essential specifications into TS 36.101, it would be beneficial to generally identify the specifications we need to take into account regardless of specific channel arrangement illustrated in Figure 2.1-1 in advance. 
ACS

Our understanding is that we might be able to avoid discussing ACS. One of the reasons is that the weaker wanted signal can be less than that of noise leaking from the eNB transmitting the other stronger wanted signal when absolute levels of both wanted signals are high. Another reason is that TS 36.101 has already had two test cases for ACS. One is wanted signal level is REFSENS + 14. The other is that wanted signal level and blocker level are quite higher than those of Case 1. Note that the strength of the signal depends on channel bandwidth. From this perspective, the ACS has already considered the observation 1..

· Observation 2: For ACS, no additional requirements would be required. 

In-band blocking
There are two cases such that Case 1 and Case 2 for in-band blocking like ACS. 

For Case 1, the frequency gap of 5 MHz between wanted signal and interferer. Note that the interferer can be the other wanted signal as well in intra band NC CA scenario. Thus, eNB issue would still exist as discussed in ACS part. The practical feasibility would depend on operating bands. If the bands are located at very low frequency, eNB filter may be able to work. Next, in-band blocking, unlike ACS, the requirement is only for the case that the absolute level of wanted signal is very low, i.e., REFSENS + channel bandwidth specific value. Thus, it seems that the current requirement does not deal with the agreed deployment scenario illustrated in Case 1b and Case 2b in Figure 2.1-2.
· Observation 3: For in-band blocking for Case 1, additional requirements may not be always necessary since intra band NC CA in non-co-located scenario with Wgap of 5 MHz would not be practical due to eNB issue.
For Case 2, at least the frequency gap of 10 MHz between wanted signal and interfere is provided. The 10 MHz can be very helpful from eNB issue perspective. Thus, ensuring UE’s ability for blocking under the condition that both wanted signal level and interfere level are high such that Case 1b and Case 2b as shown in Figure 2.1-2 is highly significant from intra band NC CA for non-co-located scenario.
· Observation 4:For in-band blocking for Case 2, additional requirements are required to ensure UE’s ability for blocking under the condition that both wanted signal and interfere level are high.

Out-of-band blocking and narrow band blocking
Out-of- band blocking is defined for an unwanted CW interfering signal falling more than 15 MHz below or above the UE receive band so that this is out of scope for this discussion on intra band NC CA for non-co-located scenario.

Narrow band blocking is defined for ensuring the case where GSM network co-exists with LTE network (or with UMTS). Thus, our understanding is that this is out of scope for this discussion as well.

Observation 5: Out-of-band blocking and narrow band blocking are out of scope for this discussion.
From observation 1-5, it would be meaningful to discuss in-band blocking for both Case 1 and Case 2. We, however, propose to focus on discussing in-band blocking for Case 2 to proceed with the discussion due to the limited remaining time and to reduce the impact on TS 36.101.
Proposal 1:RAN4 should focus on discussing additional in-band blocking requirement associated with Case 2 in Table 7.6.1.1-2 in TS 36.101.
2.4 How much imbalance should be ensured?
As discussed in [12], in some cases the received power imbalance can be larger than 50 dBin some specific scenario. From operation point of view, accommodating any expected power imbalances is the best. In some deployment scenario, even if the power imbalance UE can handle and ensure is not quite significant, the non-co-located operation can be practical as shown in [12]. Considering limited time and proceeding with the discussion, it might be reasonable to derive the requirements for additional in-band blocking test based on the existing similar requirements at present. 

With the above in mind, we take Band 3 for single LTE as example to identify the targeted imbalance level. As a result, it seem the received power imbalance UE can handle would be 47 dB for the case wanted signal is 5 MHz CBW for single LTE. This value comes from the requirement that REFSENS for Band 3 for 5 MHz CBW is -97 dBm/5 MHz. The blocker level is -44 dBm/5 MHz. The UE is allowed to have 6 dB desensitization so that -44 dBm/ 5 MHz - (-97 dBm/5 MHz + 6 dB) = 47 dB as illustrated in Figure 2.4-1 (1). The values for wanted signals 20 MHz CBW are depicted in Figure 2.4-1 (2) as well since the combination of 5 MHz and 20 MHz CBW is our interested one. Note that these requirements can handle Case 1b and 2b in Figure 2.1-2. Note that in current specification, the bandwidth of blocker is always 5 MHz. Thus, there are some differences. We, however, follow the same way of the current specification since if the total power is the same, the higher PSD is, the more stringent the requirement is. There we can adjust the requirement even with fixed blocker of 5 MHz
As was discussed above, in practical network, there may be even larger power imbalance. We, however, propose the values based on current single LTE requirement to make progress of the discussion as illustrated in Figure 2.4-1 (3) and (4) for 5 MHz and 20 MHz CBW. It is noted that the values for the other CBWs can be calculated in the same manner. It should be also noted that the values seem quite feasible based on the contribution of [10]. In addition, currently, for some operating bands, one duplexer and BPF for Rx can be shared for such that Band 5, 18, 19 and 26 for example. This means that when out-of band blocking for Band 19 terminals is tested with the duplexer and BPF of Band 26, they need to satisfy out-of band blocking requirements even without any help from the duplexer and BPF. The terminal, however, still can meet the requirements for out-of band blocking required in some frequency range. This demonstrates current terminals have some sufficient margin to handle the requirements for in-band blocking. Note that the basis for the requirement was defined around 15 years ago.
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Figure 2.4-1: Some of current and additional requirements for in-band blocking
Based on the above discussion, we propose the following.
· Proposal 2: Additional in-band blocking to accommodate power imbalance in practical network for intra band NC CA should be generated based on currently specified single LTE requirement.
2.5 Applicability of the additional requirements
In the current TS 36.101, in-band blocking requirements are defined in a CA configuration specific manner. That means each CA configuration has its own requirements. From this perspective, it would be natural to follow the same way. The request for realizing non-co-located scenario, however, was proposed to only CA_3A_3A. Thus, to minimize the impact of this on TS 36.101, we propose the additional requirement should be applicable to only CA_3A_3A.
Proposal 3: Additional in-band blocking should be applicable to only CA_3A_3A. The applicability to the other CA configuration should be handled on case by case basis. 
2.6 Specific requirements
To minimize the impact on TS 36.101, our specific proposal is as follows.
Proposal 4: The UE receiver ability should be ensured under the condition illustrated in Figure 2.6-1.
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Figure 2.6-1: Specific additional requirements for in-band blocking
2.7 Work plan
· Specific specification to reflect Proposal 4 will be provided in RAN4#70bis and modified if necessary.

· Associated CR will be provided in RAN4#71.
3. Conclusions 

In order to proceed with the discussion, we propose the following way forwards
· Proposal 1:RAN4 should focus on discussing additional in-band blocking requirement associated with Case 2 in Table 7.6.1.1-2 in TS 36.101.

· Proposal 2: Additional in-band blocking to accommodate large power imbalance in practical network for intra band NC CA should be generated based on currently specified single LTE requirement.
· Proposal 3: Additional in-band blocking should be applicable to only CA_3A_3A. The applicability to the other CA configuration should be handled on case by case basis. 
· Proposal 4: The UE receiver ability should be ensured under the condition illustrated in Figure 2.6-1.
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