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1
Introduction
In this contribution we discuss remaining issues related to Rel-13 carrier aggregation. Issues covered in this contribution are:

· Final details of the PUCCH PC: F_PUCCH(F) values for PUCCH formats 4/5 and problems with the TF,c(i) function with PUCCH format 5
· Shortening of the new PUCCH formats and simultaneous transmission of SRS and PUCCH format 4/5
· PRB options supported for PUCCH format 4
2
PUCCH format dependent power offsets
In the RAN1#83 meeting power control formula for the new PUCCH formats was agreed:

· For the PUCCH format 4 and 5, following power-control formula is used.
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· Where PO_PUCCH,c = PO_NORMIMAL_PUCCH + PO_UE_PUCCH and PO_UE_PUCCH is an integer (-8, …, 7) commonly configured for all the PUCCH formats, and

· DF_PUCCH(F) is one of 8 PF-dependent power-offsets configured by higher-layer, and

· DTF,c(i) = 10log10(21.25BPRE-1)  with BPRE = OUCI/NRE for PUCCH format 4 and BPRE = 2OUCI/NRE for PUCCH format 5
In order to complete the power control definition RAN1 still needs to decide values of the F_PUCCH(F). In the figure 1 below the required SNR of the PUCCH format 4 with UCI payload sizes (without CRC bits) varying from 23 bits to 128 bits is presented. Results for PUCCH format 4 consisting of 1, 2 and 3 RBs are simulated with different channels. The agreed TF,c(i) function is also included in the figure. The shape of the TF,c(i)curve matches well to the simulation results. In order to shift the TF,c(i) curve to the correct position, offset of 6.5 dB is added to the agreed TF,c(i) function.
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Figure 1: SNR for the PUCCH format 4
F_PUCCH(F) values scale UE tx power so that the performance of the other PUCCH formats is the same as PUCCH format 1a. The required SNR for PUCCH format 1a is about -7.5dB. From the figure it can be seen that 1 RB PUCCH format 4 transmission requires about -0,5dB SNR with 23 bits payload size i.e. 7dB higher SNR is needed compared to format 1a. On the other hand the agreed TF,c(i) function results in about 7dB attenuation to the UE tx power which also needs to compensated by F_PUCCH(F) parameter. Value of F_PUCCH(F) should then be +14dB. The same calculation for 2RB case results in 14dB as well: Required SNR is 3.5 dB higher than with format 1a and the impact of TF,c(i) is reduction of UE tx power by 6,5 + 4 dB. Also in the 3RB case the required F_PUCCH(F) value is about 14dB. It was agreed that 8 F_PUCCH(F) values are specified so that eNB can adjust the relative performance of different PUCCH formats and potential variation in different UE implementations can be compensated. 
Proposal 1: F_PUCCH(F) values for PUCCH format 4 are [12dB, 13dB, 14dB, 15dB, 16dB, 17dB, 18dB, 19dB]

In the figure 2 below simulation results for the PUCCH format 5 are presented. In the same figure also the agreed TF,c(i) function is depicted with such a scaling that at 23 bit payload size the curve is in the correct position. From the figure it can be seen that TF,c(i) function is not a good approximation of the required SNR of the PUCCH format 5. Instead of TF,c(i) we propose that h(n)=0.1*(nUCI + nCRC)1.03 function is used with the PUCCH format 5. If this function is selected then suitable F_PUCCH(F) value would be 11dB. 
Proposal 2: Power control of PUCCH format 5 is modified so that instead of TF,c(i) function h(n)=0.1*(nUCI + nCRC)1.03 function is used. F_PUCCH(F) values for PUCCH format 5 are [9dB, 10dB, 11dB, 12dB, 13dB, 14dB, 15dB, 16dB]
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Figure 2: SNR for the PUCCH format 5
3
Simultaneous transmission of the new PUCCH formats and SRS
In the RAN1#83bis meeting it was agreed that shortened format of the new PUCCH formats is supported. Shortening can be done simply by reducing the number of SC-FDMA symbols available for UCI in the second slot.
The parameter ackNackSRS-SimultaneousTransmission determines if for PUCCH formats 1/1a/1b or 3 shortened or normal format is used in the SRS subframes. If enabled, PUCCH formats 1/1a/1b or 3 use shortened format in the SRS subframes. This keeps PUCCH format shortening independent from UE-specific SRS transmissions, and OCC remains orthogonal across all PUCCHs transmitted at the same time. The same parameter could be used also in the case of new PUCCH formats. Another option is that the same mechanism that is used for simultaneous PUSCH and SRS transmission is used for the new PUCCH formats. In other words, last symbol of the subframe is not used for PUCCH transmission if it overlaps with cell specific SRS bandwidth or if UE is configured to transmit SRS in the same subframe. OCC across SC-FDMA symbols is not used with the new PUCCH formats and therefore it is not necessary to do the shortening for all the new PUCCHs at the same time. This means that also the latter approach is feasible for the new PUCCH formats. We do not see any significant performance or complexity difference between the two approaches, as both of them are already in use in LTE. However, we have a slight preference for the latter approach.   

Proposal 3: Our slight preference is that shortening of the new PUCCH formats is done in the same way as shortening of the PUSCH  
4
PRB options supported for PUCCH Format 4
The number of PRBs for PUCCH Format 4 is configured by parameter numberOfPRB-format4-r13, which indicates the configured 
[image: image4.wmf]PUCCH4

RB

M

 value from the set of supported PUCCH Format 4 PRB options on Table 10.1.1.-2 in TS36.213. 
In order to complete the PUCCH Format 4 definition, RAN1 needs to decide on the set of supported PUCCH Format 4 PRB options. One can note that with 4 PRB and 6 PRB configurations, PUCCH Format 4 can support over 300 bits and 330 bits, respectively, with code rate 1/5. At the same time, large PRB allocations create problems on PUCCH overhead. Hence we do not see need for supporting larger PRB options than 6 PRBs.  
Proposal 4: Supported PRB options for PUCCH format 4 are {1, 2, 3, 4, 6} PRBs. Remaining 3 values on Table 10.1.1.-2 are left reserved.  
5
Conclusions
In this contribution we discussed the remaining issues of Rel-13 carrier aggregation. Our proposals are:

Proposal 1: F_PUCCH(F) values for PUCCH format 4 are [12dB, 13dB, 14dB, 15dB, 16dB, 17dB, 18dB, 19dB]
Proposal 2: Power control of PUCCH format 5 is modified so that instead of TF,c(i) function h(n)=0.1*(nUCI + nCRC)1.03 function is used. F_PUCCH(F) values for PUCCH format 5 are [9dB, 10dB, 11dB, 12dB, 13dB, 14dB, 15dB, 16dB]

Proposal 3: Our slight preference is that shortening of the new PUCCH formats is done in the same way as shortening of the PUSCH  
Proposal 4: Supported PRB options for PUCCH format 4 are {1, 2, 3, 4, 6} PRBs. Remaining 3 values on Table 10.1.1.-2 are left reserved.  
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