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Introduction
This contribution considers the impact of contiguous intra-band carrier aggregation on the location of the PUCCH region for the UE configured for carrier aggregation (CA).  Specifically, the A-MPR for a single RB transmission for a UE configured for CA with CA_NS signalling is compared with the A-MPR for a single RB transmission for a UE configured for single CC transmission with the corresponding NS signalling.  Given that some UE’s may be configured for carrier aggregation, while other UE’s on the same carrier are configured for single CC operation (or do not support CA), there is a question as to how the PUCCH region would be located in a cell with both types of UE’s.  A few examples are considered comparing the single RB A-MPR for the UE configured for carrier aggregation with the single RB A-MPR for the UE configured for single CC operation.
PUCCH Resource Blocks 
The PUCCH RB’s are semi-statically allocated in pairs that are equidistant from the center of the component carrier.  When transmitting on the PUCCH, the UE transmits on one of the PUCCH RB’s in the first slot, and on the other PUCCH RB in the second slot.  Because the PUCCH carries control information, it is important that this channel be reliable. For this reason, it is desirable that the PUCCH region be selected so that the allowed A-MPR is reasonably small.  From Sections 6.2.5 and 6.2.5A of 36.101 [1], we have

(6.2.5) For each subframe, the PCMAX_L,c for serving cell c is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_ L,c over the two slots is then applied for the entire subframe. PPowerClass shall not be exceeded by the UE during any period of time.

(6.2.5A) For each subframe, the PCMAX_L is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_L over the two slots is then applied for the entire subframe. PPowerClass shall not be exceeded by the UE during any period of time.

Thus, if the A-MPR allowed for the first and second RB’s of the PUCCH pair is 12 dB and 0 dB, respectively, the A-MPR allowed for both RB’s when transmitting PUCCH on the RB pair is 12 dB.

For a UE configured for CA, the PUCCH is transmitted on the UE’s PCell.  However, because the LO of the UE configured for CA is located at the center of the aggregated bandwidth, the required A-MPR can be much different than that for the UE configured for single CC operation, and this is especially true in the case that additional emissions requirements are signalled to the UE.  As a result, when choosing the PUCCH region for the component carriers, the A-MPR requirements for both the single CC UE and the CA UE must be taken into account.



Single RB MPR/A-MPR with NS-01 and CA_NS_31
For a UE configured for single CC transmission and with NS_01 signalled by the network, the allowed MPR for single RB transmission is 0 dB for QPSK, regardless of the location of the RB.  Similarly, for a UE configured for intra-band contiguous CA and with CA_NS_31 signalled by the network, the allowed A-MPR for single RB transmission is also 0 dB for QPSK regardless of the RB location.  Thus, in the case of only general requirements, the MPR allowed for PUCCH transmission is well aligned between a UE configured for single CC operation and UE configured for intra-band contiguous CA operation.   As a result, the network can allocate the outermost RB’s of the CC for PUCCH operation even when UE’s configured for CA operate on the component carrier.

Single RB A-MPR for Band 42 with NS_22 and CA_NS_08
The NS_22 requirement for a UE configured for single CC operation in Band 42 is given in Table 1.  The CA_NS_08 requirement for a UE configured for CA in Band 42 is given in Table 2. We consider the possibility that the two UE’s, one configured for single CC operation and the other configured for CA, operate on the same carrier.  The single RB A-MPR allowed for NS_22 and CA_NS_08 is shown in Figure 1 below for 20 MHz component carriers.  The A-MPR allowed for CA_NS_08 is not yet agreed, but is taken from [2].


Table 1:  NS_22 Additional Requirements (from TS 36.101)


Table 2:  CA_NS_08 Additional Requirements





Figure 1: A-MPR allowed for single RB transmission for Band 42 with NS_22 signalled for single CC UE’s, and CA_NS_08 signalled for CA UE’s.   The A-MPR allowed for the single CC UE is shown at top, and the A-MPR allowed for the CA UE is shown at the bottom.
 
In the absence of CA UE’s on either of the component carriers, the A-MPR allowed for the edge RB’s with NS_22 signalled is only 3 dB.  If the network coverage requirements can be met with 3 dB of A-MPR for the PUCCH, then no PUCCH over-provisioning is required (with over-provisioning, the PUCCH RB’s are moved inwards toward the center of the CC).  Alternatively, if no A-MPR can be tolerated for the PUCCH, then the PUCCH region must be moved inwards by 22 RB’s before no A-MPR is allowed for single RB transmissions.

For a CA UE, the A-MPR allowed for the RB’s at the outer edges of the aggregated carrier is 12 dB (though no A-MPR is needed for the RB’s at the inner edges of the CC’s).  Thus, if CA UE’s are present on the component carriers, it will be necessary to move the PUCCH region inwards by 22 RB’s so that the PUCCH A-MPR allowed for the CA UE is reduced from 12 dB to 3 dB.  Furthermore, it can be noted that it is not possible to move the PUCCH region so that the PUCCH A-MPR allowed for the CA UE’s is less than 3 dB.

From the above, it is apparent that if the cell contains UE’s configured for CA, then the PUCCH region must be over-provisioned by 22 RB’s even though no over-provisioning is required for the UE’s configured for single CC operation.  

As has been noted in several previous contributions [3-6], the difference in A-MPR allowed for contiguous and non-contiguous resource allocations for CA UE’s with CA_NS signalling is typically quite large. If it is assumed that four RB’s are allocated for PUCCH on each side of the component carrier, and if the PUCCH region is over-provisioned by 22 RB’s, then the largest possible contiguous allocation is 48 RB’s.  From [2], it can be observed that the A-MPR allowed for a non-contiguous allocation of 50 RB’s (allocation ratio equals 0.25) is 15 dB when CA_NS_08 is signalled, regardless of the placement of the allocation.  Conversely, the A-MPR allowed for a contiguous allocation of 50 RB’s can be as small as 4 dB, so that the A-MPR difference between the contiguous and non-contiguous allocation can be as large as 11 dB.   However, with PUCCH over-provisioning, a contiguous allocation of 50 RB’s will not be possible if any user in the cell is transmitting PUCCH, and thus the allowed A-MPR is 15 dB for a 50 RB allocation.

Single RB A-MPR for Band 1 with NS_05 (or NS_01) and CA_NS_01
The NS_05 requirement for a UE configured for single CC operation in Band 1 is given in Table 3.  The CA_NS_01 requirement for a UE configured for CA in Band 1 is given in Table 4. We again consider the possibility that the two UE’s, one configured for single CC operation and the other configured for CA, operate on the same carrier.  The single RB A-MPR allowed for NS_05 and CA_NS_01 is shown in Figure 2 below for two 20 MHz component carriers, the first centered at 1950 MHz, and the second centered at 1969.8 MHz (using the nominal spacing of 19.8 MHz).  It can be noted that for these carriers, no A-MPR is allowed for NS_05 for a single RB transmission, so the A-MPR situation is the same as if NS_01 is signalled to the UE.


Table 3:  NS_04 Additional Requirements (from TS 36.101)


Table 5:  CA_NS_01 Additional Requirements (from TS 36.101)

In the absence of CA UE’s on either of the component carriers, no A-MPR is allowed and thus no PUCCH over-provisioning is required.  Conversely, for a CA UE, the A-MPR allowed for the RB’s at the outer edges of the aggregated carrier is 12 dB (though no A-MPR is needed for the RB’s at the inner edges of the CC’s).  Thus, if CA UE’s are present on the component carriers, it will be necessary to move the PUCCH region inwards by 24 RB’s so that the PUCCH A-MPR allowed for the CA UE is reduced from 12 dB to 0 dB.




Figure 2: A-MPR allowed for single RB transmission for Band 1 with NS_05 (or NS_01) signalled for single CC UE’s, and CA_NS_01 signalled for CA UE’s.   The A-MPR allowed for the single CC UE is shown at top, and the A-MPR allowed for the CA UE is shown at the bottom.

As in the previous example, it is apparent that if the cell contains UE’s configured for CA, then the PUCCH region must be over-provisioned – in this case by 24 RB’s – even though no over-provisioning is required for the UE’s configured for single CC operation.  

If it is assumed that four RB’s are allocated for PUCCH on each side of the component carrier, and if the PUCCH region is over-provisioned by 24 RB’s, then the largest possible contiguous allocation is 44 RB’s.  From [1], it can be observed that the A-MPR allowed for a non-contiguous allocation of 50 RB’s (allocation ratio equals 0.25) is 12 dB when CA_NS_01 is signalled, regardless of the placement of the allocation.  Conversely, the A-MPR allowed for a contiguous allocation of 50 RB’s can be as small as 0 dB, so that the A-MPR difference between the contiguous and non-contiguous allocation can be as large as 12 dB.   However, with PUCCH over-provisioning, a contiguous allocation of 50 RB’s will not be possible if any user in the cell is transmitting PUCCH, and in such situations the allowed A-MPR is 12 dB for a 50 RB allocation.
Summary
This contribution considers the impact of intra-band carrier aggregation on the location of the PUCCH region for the UE configured for carrier aggregation.  For a UE configured for CA, the PUCCH is transmitted on the UE’s PCell.  However, because the LO of the UE configured for CA is located at the center of the aggregated bandwidth, the required A-MPR is often much different than that for the UE configured for single CC operation, and this is especially true in the case that additional emissions requirements are signalled to the UE.  As a result, when choosing the PUCCH region for the component carriers, the A-MPR requirements for both the single CC UE and the CA UE must be taken into account.

For the examples considered in this contribution, it is necessary to over-provision the PUCCH region in order to reduce the PUCCH A-MPR for UE’s configured for CA, even though over-provisioning is not necessary for the UE’s configured for single CC operation.  As a result, for the examples considered here, it is not possible to have contiguous resource allocations with allocation ratios greater than 0.25 when any UE in the cell is transmitting on the PUCCH.  It can be observed that for allocation ratios of 0.25, the difference between contiguous and non-contiguous A-MPR can be as large as 11 dB and 12 dB for CA_NS_08 and CA_NS_01, respectively.
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Table 6.6.3.3.1 - 1: Additional requirements (PHS)  

Frequency band   (MHz)  Channel bandwidth / Spectrum  emission limit (dBm)  Measurement  bandwidth   NOTE  

5   MHz  10   MHz  15   MHz  20   MHz  

1884.5    f   1915.7  - 41  - 41  - 41  - 41  300 KHz  1  

NOTE 1:   Applicable when the lower edge of the assigned E - UTRA UL channel  bandwidth frequency is larger than or equal to the upper edge of PHS band  (1915.7 MHz) + 4 MHz + the channel BW assigned, where channel BW is as  defined in subclause 5.6. Additional restrictions apply for operations below  this point.  
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Table 6.6.3.3A.1 - 1: Additional requirements (PHS)  

Protected band  Frequency range ( MHz)  Maximum Level (dBm)  MBW (MHz)  NOTE  

E - UTRA band 34  FDL_low  -    FDL_high  - 50  1   

Frequency range   1884.5  -  191 5.7  - 41  0.3  1  

NOTE 1:   Applicable when the aggregated channel bandwidth is confined within frequency range 1940  –   1980 MHz  
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Table 6.6.3.3. 1 6 - 1: Additional requirement  NS_22  

Frequency band   (MHz)  Channel bandwidth / Spectrum  emission limit (dBm)  MBW  

5, 10, 15, 20 MHz  

3400   ≤ f ≤ 3800  - 23 ( NOTE   1,  NOTE   3)  5 MHz  

- 40 ( NOTE   2)  1 MHz  

NOTE 1:   This requirement applies within an offset between 5 MHz and 25 MHz  from the lower and from the upper edge of the channel bandwidth ,  whenever these frequencies overlap with the specified f requency band .   NOTE 2:   This requirement applies from 3400 MHz to 25 MHz below the lower  E - UTRA channel edge and from 25 MHz above the upper E - UTRA  channel edge to 3800 MHz.   NOTE 3:   This emission limit might imply risk of harmful interference to UE(s) opera ting  in the protected operating band  
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Frequency band   (MHz)  Channel bandwidth / Spectrum  emission limit (dBm)  MBW  

 

3400 ≤ f ≤ 3800  - 23 (Note 1, Note 3)  5 MHz  

- 40 (Note 2)  1 MHz  

Note   1:   This requirement applies within an offset between 5 MHz and 25 MHz from  the lower and from the upper edge of the channel bandwidth.   Note 2:   This requirement applies from 3400 MHz up to 25 MHz below the lower E - UTRA channel edge and from 25MHz above the   upper E - UTRA channel  edge up to 3800 MHz.   Note 3:   This emission limit can imply risk of harmful interference to UE(s) operating  in the protected operating band    
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