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1 Background 

At the RAN4#55 meeting in Montreal, several proposals for how to define ACLR were discussed during the LTE CA BS ad hoc meeting [5]: 

· The proposal from NSN in [2] is based on the way ACLR is defined in TS 36.104 today, including the guidance for multiple carriers in Annex F. A clarification of the wording is proposed (“lowest/highest carrier”) and ACLR is removed from the scope of the informative Annex, implying that the ACLR requirement will apply as it is for any combination of carriers. 

· The proposal from Huawei in [3] analyses the implicit Multicarrier ACLR requirement resulting from the present LTE unwanted emissions mask and concludes that ACLR with the present definition is very restrictive as a requirement for 1.4 MHz carriers. The conclusion is to base a Multicarrier ACLR requirement on today’s definition (as in [2]), with any combination of carriers, but excluding carriers with channel BW < 5 MHz.

· The proposal from DoCoMo in [4] does not explicitly bring up ACLR, but initiates a discussion on channel spacing and “guard bands” for Multicarrier transmissions, and the implication on the occupied bandwidth.

None of these proposals are presently included in the work item TR [1]. This paper makes further analysis and discusses different options for a way forward.

2 Possible issues in the existing ACLR proposals

The proposal in [3] as described above provides one solution for ACLR, but it is not complete since carriers with channel BW < 5 MHz are excluded. The proposal in [2] is complete, but it does not address the problem of actually meeting the ACLR for lower channel BW that is discussed in [3]. The proposal in [4] does not have a concrete ACLR proposal, but brings up a discussion of the “guard band” needed for different scenarios.
The “guard band” issue for carriers with channel BW < 5 MHz is illustrated with an example in Figure 1. A 20 MHz carrier has a Transmission bandwidth configuration BWConfig = 18.015 MHz, giving a ~1 MHz guard from the edge resource block to the channel edge. For the ACLR requirement vs. E-UTRA of same BW, the total “guard” will be ~2 MHz. If the 20 MHz carrier is aggregated with a 1.4 MHz carrier of same PSD as in Figure 1, the situation changes drastically however. A 1.4 MHz carrier with BWConfig = 1.095 MHz will only give ~0.3 MHz guard for the ACLR requirement vs. E-UTRA of same BW and the Adjacent Channel power is averaged over ~1 MHz instead of  ~18 MHz as for the 20 MHz carrier. Such a requirement will be very restrictive for the 20+1.4 MHz scenario.
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Figure 1. Example ACLR requirement scenario with aggregated 20 and 1.4 MHz carriers
The example above assumes however that the adjacent channel “victim” system is of 1.4 MHz BW, the same bandwidth as the highest transmitted carrier. In reality, the adjacent system can be of any bandwidth possible for LTE, or it could be a UTRA system or any other system operating on the adjacent channel. It is therefore not self evident that “ACLR vs. E-UTRA of same BW” is a useful requirement in general.
How to define a Multicarrier ACLR requirement for E-UTRA is not only an issue related to LTE Carrier Aggregation, but also has bearing on ACLR in the MSR specification TS 37.104. The reason is that ACLR for an MSR BS is included by direct reference to the requirement in TS 36.104. This needs to be considered when further defining ACLR in TS 36.104.

3 Options for specifying ACLR in Rel-10
When evaluating the different options for specifying ACLR, the fundamental reasons why there is an ACLR requirement should be addressed. The main reasons are:

1. To provide a parameter for study of adjacent channel co-existence properties. This was the original reason for introducing an ACLR requirement.

2. To define an out-of-band emission limit that is relative to the carrier power. Note that unlike in the UTRA specification, the emission mask for E-UTRA is an absolute limit, not set relative to carrier power, making ACLR the only relative out-of-band emission limit.

3. To be referenced in regional and international regulation.

Seven options for specifying ACLR are briefly introduced below.
3.1 Option 1: ACLR for single carrier only.

The ACLR requirement was originally developed for UTRA as a parameter to be used in a transparent way when analyzing adjacent channel co-existence between two UTRA systems. Together with the ACS for a victim UE, the ACLR sets the Adjacent Channel Interference Ratio (ACIR), which can be used directly in co-existence simulations between two systems operating on adjacent channels (see TR 25.942). Similar analysis has been performed also for E-UTRA in TR 36.942.

In the present scenarios where adjacent systems can be of different bandwidths and the BS of each system can transmit multiple carriers of different bandwidths in varying configurations, there is no more a single ACLR limit that is generally applicable for co-existence analysis. These difficulties are also illustrated with the example above.

One way of avoiding the issues identified above for multiple and aggregated carriers is to have an ACLR requirement only for the single carrier case. The Multicarrier case would instead be covered by the emission mask (UEM).
3.2 Option 2: ACLR measured in 5 MHZ, with normalized inband power
There are presently two ACLR limits defined in TS 36.104, one for “ACLR vs. E-UTRA of same BW” and one for “ACLR vs. 5 MHz UTRA”. The second one has the advantage that the measurement bandwidth, and thus the “guard band” for the adjacent carrier, is independent of the channel BW of the edge carrier.
An ACLR requirement for multiple and aggregated carriers could build on the same principle. The adjacent channel power could be measured on a 5 MHz adjacent E-UTRA carrier, while the inband power could be measure over all transmitted carriers and be normalized to the same bandwidth (25 RBs). In this way, it is assured that the power in an adjacent 5 MHz channel is limited to e.g. 45 dB below the average PSD over the transmitted carriers.

3.3 Option 3: Relative UEM to replace ACLR for Multicarrier
The UEM (operating band Unwanted Emissions Mask) is presently an absolute limit for E-UTRA, unlike the relative ACLR limit.
As a replacement for a Multicarrier ACLR limit, a UEM could be introduced that is set relative to the transmitted power in the out-of-band domain. It should then be set to “implicitly” give at least a 45 dB ACLR in both 1st and 2nd adjacent  5 MHz channels and can in this way replace the ACLR limit for multiple and aggregated carriers.

3.4 Option 4: ACLR measured in same BW as total transmitted BW

For a Multicarrier transmission with a total of Ntot RBs, the adjacent channel power could also be measured in the same BW over Ntot RBs. The scenario will be similar to the present LTE requirement for “ACLR vs. E-UTRA of same BW”, but with the “same BW” being the total BW.
For large aggregation bandwidths, such a requirement would however become difficult to interpret, since it will be likely to stretch far outside the operating band. This could also be of concern to regulators.

3.5 Option 5: ACLR with Annex F approach (edge carrier applies) plus extra offset
The proposals in [2] and [3] build on the existing ACLR limits through the informative method described in Annex F. The problems with the narrowest component carriers (1.4 and 3MHz) could be avoided if an extra “guard” is introduced through an offset to the adjacent channel position when defining the ACLR requirement. 

The offset would have to depend not only on the channel BW of the edge carrier but also on the total aggregated BW. Such an offset ACLR requirement would diverge from the present understanding of the term “adjacent channel”.

3.6 Option 6: Restrict component carriers to channel BW ≥ 5 MHz

A restriction could be introduced that component carriers must each be of at least 5 MHz bandwidth, thereby avoiding the issues with the narrowest carriers. This would however restrict the use of carrier aggregation in many bands where use of 1.4 and 3 MHz carriers is likely.
3.7 Option 7: Restrict 1.4 and 3 MHz carriers not to be used at the edges
An alternative restriction is to not allow the narrowest component carriers at the edges of the aggregated bandwidth. This would also be a restriction, however somewhat less severe than for Option 6.
4 Discussion

Options 2, 4 and 5 above define a modified ACLR requirement that tries to avoid the problems pointed out for certain scenarios, while Option 3 introduces a relative UEM to replace ACLR for multiple and aggregated carriers. Option 1 simply excludes ACLR limits for multiple and aggregated carriers, while Options 6 and 7 avoids the problem by restricting how carriers can be deployed.
In relation to the first reasons for having ACLR listed above, all Options can potentially be used in co-existence studies, but relative ACLR limits and absolute emission limits would however be used in different ways. If there is no “matching” ACS limit to the ACLR limit defined, it is difficult to perform an ACIR-based analysis. All options except Option 1 contain an absolute limit for multiple carriers, which was the second reason to have ACLR.
Regarding references in international regulation, which was the third reason, it is true that ACLR is included in some international regulation. For spectrum with more technology neutral use however, the trend is to only look at spectrum masks as input to co-existence analysis.

In order to address the three fundamental reasons for having an ACLR requirement, some kind of ACLR requirement should be kept and there should also be a relative limit defining out-of-band emissions for multiple and aggregated carriers.
5 Proposed way forward
It is proposed that the options for defining ACLR is brought into the LTE CA discussion in RAN4, considering also the issues for narrow aggregated carriers and addressing the fundamental reasons for defining ACLR.

Based on the discussion above, Ericsson recommends to keep a single-carrier ACLR limit (Option 1) and define a relative UEM for multiple and aggregated carriers (Option 3).
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