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1	Introduction 
Since several meetings there is the effort in RAN4 to simplify the specification and implementation of new band combinations, since currently the vastly increasing number of CA and DC combinations and their fallbacks is creating issues to handle the high number of combinations and fallbacks in 3GPP and in the UE development. This paper describes some proposals how to reduce the complexity.
2	Reasons for the high complexity 
Currently we have the highest increase of the number of combinations when looking at the CA and DC combinations in which FR2 combinations are included. The number of combinations explodes once there is a multiplication of combinations. For example if there are 100 FR1 combinations and 100 FR2 combinations, the possible combinations between both can be 100 * 100 = 10000 combinations. In case there is no technical dependency between the FR1 and FR2 combinations, it would be easier to just describe the FR1 combinations, separately the FR2 combinations and not all the permutations. Until now in 3GPP we haven’t specified any dependency of FR1 and FR2 combinations, so the FR1 and the FR2 combinations are orthogonal to each other, mainly because they have quite a large frequency separation and the FR1 RF parameters and the FR2 RF parameters are independent of each other, since the frequencies are very different and separate RF paths and antennas will be used. In this case we can separately specify the FR1 and FR2 combinations can be used independent from each other. However, for this also in the spec the FR1 and the FR2 part of the combinations need to be separated. Then any permutations can be used without specifying them but just specifying all FR1 combinations and separately the FR2 combinations.
Observation 1:	FR1 and FR2 combinations are orthogonal, since they have a high frequency separation and separate TX/RX paths, FR1 RF parameters usually don’t affect FR2 RF parameters or the other way round. We can specify FR1 and FR2 combinations separately 
Observation 2:	The number of combinations explodes, when all the permutations between FR1 and FR2 band combinations are specified, since the number of FR1 and FR2 combinations multiplies 
Another reason for the high number of combinations is if either the number of FR1 or the number of FR2 combinations is becoming very large, since then the product, i.e. the number of permutations is becoming even larger. One reason for the FR2 number of combinations becoming very large is the combination of contiguous and non-contiguous intra-band combinations in FR2, as there is a huge amount of permutations between the contiguous and non-contiguous carriers. We can see this in 38.101-2 [1], where there is a large amount of mixed contiguous and non-contiguous CA combinations listed. Additionally these combinations generate a lot of fallback combinations. One example is CA_n260(2A-2O-Q), which results in 46 fallback combinations until the single carrier is reached. If only this single FR2 combination and its fallbacks is combined with just 10 LTE combinations, we already get 460 combinations, just for one FR2 combination the operator needs. 
Observation 3:	The number of FR2 combinations explodes, when specifying all the permutations between contiguous and non-contiguous CA combinations and their fallbacks. 
As we have seen in the recent requests for inter-band CA in FR2 combined with contiguous CA like CA_n260K-n261G, we can also see here, that there is a multiplication of cases. Therefore also in this case it would be useful to only specify and implement those combinations that the operator really needs and omit fallbacks that are not needed.
Observation 4:	The number of FR2 combinations will also be large for a combination of inter-band and intra-band contiguous CA in FR2, when specifying all the permutations between inter-band and contiguous CA combinations and their fallbacks. 
The high number of combinations is creating issues in many cases in the industry. This is not only the case in 3GPP for spec complexity in the combinations tables and the corresponding requests, and basket WIs, in signaling all the combinations and also in the test specs, but also in development and type approval of the UEs. Therefore it is necessary not only to streamline the 3GPP DC and CA spec tables, but also reduce the complexity for signaling, the development and type approval.
Observation 5:	Complexity reduction is not only needed for 3GPP spec tables, but also for development and type approval 
Proposal 1:	RAN4 not only tries to reduce the complexity of the band combination tables, but also works on proposals to reduce the complexity for development, signaling and and test by reducing the permutations of combinations  
3	Handling the high complexity in the 3GPP specs
In RAN4#92bis there was a proposal to simplify the band combinations tables [2]. The paper with this proposal was agreed:
---------------------------------------------------------------------------------------------------------------------------------------------
Option 2-2: 
· Capture only the highest configurations for Downlink and Uplink for configurations below 7.125GHz and FR2 part does not include configurations.
· Add an additional column to capture EN-DC band combination to make readers to reach configuration information quickly. Note: This is to address the concern 1 explained in the introduction section.
· Table 5.5B.5.1-1: modified Inter-band EN-DC configurations including FR2 (two bands)
	EN-DC 
band combination
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)

	DC_5_n260
	DC_5A_n260”X”
DC_5B_n260”X”
	DC_5B_n260”Y”

	Note: X and Y can be replaced with CA configuraitons specified in TS38.101-2 for downlink(“X”) and uplink(“Y”), respectievely.


---------------------------------------------------------------------------------------------------------------------------------------------
However, in the discussion it became clearer, that in FR1 not only the highest order combinations should be specified but all combinations, while the simplification is mainly in the FR2 part of the combinations reducing the number of combinations by not multiplying with all possible FR2 combinations but only one.
Looking at the proposed version of the table, it seems a bit redundant to add a column just showing which bands are involved in the combination, as this is anyway shown in the already existing EN-DC configuration column. Therefore we have 
Proposal 2:	RAN4 doesn’t change the table structure but re-uses the already existing structure without adding a band combination column
Looking at the entries of the proposed table format, it seems useful to introduce a certain “wildcard” character to replace the carrier or CA configuration of the FR2 carrier(s), for example “@” would be a good candidate. Compared to characters like X or Y this prevents confusion with characters used for bandwidth classes. This character can be used for DL and UL, if the note clarifies that in any case this refers to a valid DL or UL combination as specified in 38.101-2.
Proposal 3:	Replace the FR2 carrier/bandwidth configuration with a single “wildcard” character “@” and add a note referencing 38.101-2, the FR1 part of the configurations is kept unchanged including all combinations, not only the highest order
Proposal 4:	Use the format proposal below for the tables in chapters 5.5B.5, 5.5B.6 and 5.5B.7
· Table 5.5B.5.1-1: Inter-band EN-DC configurations including FR2 (two bands)
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)

	DC_5A_n260@
DC_5B_n260@
	DC_5A_n260@

	Note: @ denotes any valid single carrier or CA configuration specified in 38.101-2 for the FR2 band used in the EN-DC configuration. In the UL column @ denotes a valid UL carrier or CA configuration for the FR2 band used in the same EN-DC configuration.



4	Handling the high complexity in signalling, development and test
Even if we have simplified the notation in the table of the band combinations, there are still thousands of CA/DC configurations that need to be signaled, developed to be used in the UEs and tested for functionality and type approval. The ever increasing number of permutations of bands, bandwidths, carriers and frequency ranges results in a huge development effort. This needs to be kept to a minimum to enable time to market development.
One step to reduce the complexity is to remove unnecessary fallbacks, which are not needed by the operators. This has already been agreed in RAN4 for combined contiguous and non-contiguous FR2 CA including the corresponding EN-DC configurations. However, some implications are still in discussion in RAN2.
Currently we see quite some proposals for inter-band FR2 CA mixed with intra-band contiguous CA. Also this results in a huge amount of band combinations, for example if one band has 8 bandwidths specified and the other band as well, we would get 8*8=64 CA combinations, if this is then multiplied by the amount of LTE combinations which will be used with these FR2 CA combinations we get again a huge number of DC combinations. Also here it would be useful if fallbacks that are not needed by the operator can be left out, therefore we propose not to mandate all fallbacks for inter-band FR2 CA as well.
Proposal 5:	When inter-band FR2 CA will be specified, extend the direct fallback to a single carrier to combined intra-band and inter-band FR2 CA as well.
As we saw previously, FR1 and FR2 combinations are orthogonal to each other, as they are on different RX/TX chains and antennas. This could also simplify signalling, as nowadays all permutations that are supported will be signalled (except some fallbacks). So it could result in much less signalling, if FR1 and FR2 configuration parts would be signalled separately. However, this would be something to discuss in RAN2 and it would be definitely non-backwards compatible. Nevertheless, it may be useful to propose to RAN2 to consider a signalling simplification due to the orthogonality of FR1 and FR2.
Proposal 6:	Propose to RAN2 that a signaling based on the orthogonality of FR1 and FR2 configuration parts may save signaling effort.
[bookmark: _GoBack]Also for the RF performance it may be useful to use the orthogonality. Why do we need to measure all FR1 and FR2 combinations, if the result is the same for first measuring FR1 and then FR2. This would reduce the test effort dramatically since in case of 100 FR1 and 50 FR2 combinations not all 100*50=5000 FR1+FR2 combinations, but just 100FR1 and 50 FR2 = 150 total combinations will be measured. In most cases this will anyway be measured separately, since FR1 is usually measured conducted, while FR2 is measured radiated in an anechoic chamber.
Proposal 7:	RAN4 can simplify specs by separating FR1 measurements from FR2 measurements due to the orthogonality of FR1 and FR2 configurations reducing the high number of permutations to be measured.




4	Conclusions
We draw the following conclusions: 
Observation 1:	FR1 and FR2 combinations are orthogonal, since they have a high frequency separation, FR1 RF parameters usually don’t affect FR2 RF parameters or the other way round. We can specify FR1 and FR2 combinations separately 
Observation 2:	The number of combinations explodes, when all the permutations between FR1 and FR2 band combinations are specified, since the number of FR1 and FR2 combinations multiplies 
Observation 3:	The number of FR2 combinations explodes, when specifying all the permutations between contiguous and non-contiguous CA combinations and their fallbacks. 
Observation 4:	The number of FR2 combinations will also be large for a combination of inter-band and intra-band contiguous CA in FR2, when specifying all the permutations between inter-band and contiguous CA combinations and their fallbacks. 
Observation 5:	Complexity reduction is not only needed for 3GPP spec tables, but also for development and type approval 
Proposal 1:	RAN4 not only tries to reduce the complexity of the band combination tables, but also works on proposals to reduce the complexity for development, signaling and and test by reducing the permutations of combinations  
Proposal 2:	RAN4 doesn’t change the table structure but re-uses the already existing structure without adding a band combination column
Proposal 3:	Replace the FR2 carrier/bandwidth configuration with a single “wildcard” character “@” and add a note referencing 38.101-2, the FR1 part of the configurations is kept unchanged
Proposal 4:	Use the format proposal below for the tables in chapters 5.5B.5, 5.5B.6 and 5.5B.7
Proposal 5:	When inter-band FR2 CA will be specified, extend the direct fallback to a single carrier to inter-band FR2 CA as well.
Proposal 6:	Propose to RAN2 that a signaling based on the orthogonality of FR1 and FR2 configuration parts may save signaling effort.
Proposal 7:	RAN4 can simplify specs by separating FR1 measurements from FR2 measurements due to the orthogonality of FR1 and FR2 configurations reducing the high number of permutations to be measured.
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