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1
Introduction
In the RAN1#82 and RAN1#82bis many details of the new PUCCH formats were agreed. In this contribution we discuss the issues that are still open including number of UCI bits and PRBs for the PUCCH format 4, details of the PUCCH power control, simultaneous transmission of SRS and the new PUCCH formats and mapping of the coded UCI bits to resource elements.
2
Number of UCI bits and PRBs for the new PUCCH formats

In RAN1#82, it was agreed that the maximum number of HARQ-ACK bits transmitted by one UE in one subframe for DL CA of up to 32CCs is selected from 128, 256, 319, 638 bits in the case of TDD PUCCH cell. When considering the smallest value, 128 bits, we can note for TDD CA that by using spatial HARQ-ACK bundling: 

·  Full set of component carries – 32 – can be supported for UL/DL configurations #0, #1, #2, #3, #4, and #6 in the case where the same UL/DL configuration is used on all aggregated carriers.

· As with the current LTE TDD CA, the maximum number of supported component carriers is limited for UL/DL configuration #5. Nevertheless, up to 14 component carriers can be supported in the case where the same UL/DL configuration is used on all aggregated carriers.

Further, we can note for 128 bit HARQ-ACK payload and TDD-FDD CA with TDD PUCCH cell that by using spatial HARQ-ACK bundling:

· Full set of component carries – 32 – can be supported for UL/DL configurations #0, #1, and #6.

· In the case of UL/DL configuration #2, 128 bits can support without any scheduling limitations up to 25…31 component carriers, depending on the number of FDD SCells in the CA configuration. By applying dynamic HARQ-ACK codebook size adaptation with 32 CC CA, up to 80%...99% of PDSCH subframes can be scheduled (again, depending on the number of FDD SCells). It should be noted that even Rel-12 TDD-FDD CA does not support all possible 5CC CA configurations for TDD PCell with UL/DL configuration #2.

· In the case of UL/DL configuration #3, 128 bits can support without any scheduling limitations up to 21…32 component carriers, depending on the number of FDD SCells in the CA configuration. By applying dynamic HARQ-ACK codebook size adaptation with 32 CC CA, up to 81%...100% of PDSCH subframes can be scheduled (again, depending on the number of FDD SCells). It should be noted that even Rel-12 TDD-FDD CA does not support all possible 5CC CA configurations for TDD PCell with UL/DL configuration #3.

· In the case of UL/DL configuration #4, 128 bits can support without any scheduling limitations up to 21…31 component carriers, depending on the number of FDD SCells in the CA configuration. By applying dynamic HARQ-ACK codebook size adaptation with 32 CC CA, up to 80%...99% of PDSCH subframes can be scheduled (again, depending on the number of FDD SCells). It should be noted that even Rel-12 TDD-FDD CA does not support all possible CA configurations even for 4 CCs with UL/DL configuration #4.

· Again, most severe limitations are seen with UL/DL configuration #5. 128 bits can support without any scheduling limitations up to 12…14 component carriers, depending on the number of FDD SCells in the CA configuration. 

Excluding the special case of UL/DL configuration #5, we can see that going beyond 128 HARQ-ACK bits would bring clear gains only with very large number of component carriers and only in certain TDD-FDD CA configuration scenarios. Also the use of PUCCH SCell drastically limits the benefits from above 128-bit HARQ-ACK payload for UL CA capable UEs. Further, LTE Rel-12 does not support 5 CC TDD-FDD CA for the corresponding TDD PCell UL/DL configurations. Based on the discussion, we see that maximum HARQ-ACK payload of 128 bits is sufficient.   

Proposal #1 Maximum number of HARQ-ACK bits in UL by one UE in one subframe for DL CA beyond 5 CCs is 128 bits 
In addition to HARQ-ACK bits, also periodic CSI reports for multiple cells can be multiplexed on the new PUCCH Format 4. This, together with dynamic adaptation of HARQ-ACK codebook size, results in large size variation on the UCI transmitted on PUCCH Format 4. On other hand, efficient use of PUCCH Format 4 resource cannot be achieved if the resource is configured according to the peak PUCCH payload that can be faced under the corresponding CA configuration. Instead, PUCCH Format 4 configuration should include a maximum coding rate allowed for that configuration, as discussed in more detail in [2]. If the maximum PUCCH payload is exceeded, excess periodic CSI reports are dropped. Such PUCCH Format 4 configuration means that also the absolutely maximum PUCCH payload needs to be determined for the new PUCCH Format 4. As with HARQ-ACK bits, we do not see need to extend the maximum PUCCH payload to cover the most extreme UCI case. Instead, we see that maximum PUCCH payload should be in relation to the maximum HARQ-ACK payload. Hence we propose maximum PUCCH payload of 256 bits.

Proposal #2 Maximum PUCCH payload by one UE in one subframe for DL CA beyond 5 CCs is determined to be 256 bits  
In RAN1#82bis [3], it was agreed that the number of PRBs for the PUCCH Format 4 will be represented with 3 bits, which can support up to 8 PRB allocations with 1 PRB granularity. Our earlier results in [4] indicate that 256 bit payload can be supported already with 3 PRBs on small cell PUCCH. However, more challenging interference situations are faced on macro cell PUCCH, and results in [4] indicate that coding rate in order of 1/10 or below can be needed. This means that up to 8 PRBs may be needed to support very large UCI payload on macro cell. On the other hand, wide PUCCH allocations are not attractive in macro cell from overhead viewpoint, and very wide PUCCH allocations are not expected to be used on macro cell in practice. Nevertheless, we do not see any particular need to limit the configuration space that the agreed signalling can readily support, although we do not expect that the whole configuration space is actually needed.

Observation #1 There is no need to limit the maximum configurable number of PRBs for PUCCH Format 4 below 8 PRBs that can be readily supported with the 3-bit signalling and 1 PRB configuration granularity      
3
UL PC for the new PUCCH Formats
In the LS about RRC parameter list to RAN2 [1] two options are given for PUCCH power control configuration: The first option is that 
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parameter is defined for the new PUCCH formats and PUCCH power control formula with the following modifications is used:
· 10log10(MPUCCH_PRB) is included with MPUCCH_PRB being the number of PRBs used for PUCCH transmission
· New 
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 function that scales PUCCH tx power depending on the number SR, HARQ and CSI bits, is defined for the new PUCCH formats. The number of PRBs used for PUCCH transmission should also be taken into account in this function.
· Because transmit diversity scheme is not supported for the new PUCCH format(s), 
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 parameter can be omitted from the formula.

If this option is selected RAN1 needs to define values for the 
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parameter and create 
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 function for the new PUCCH formats.
The second option for the power control of the new PUCCH formats is to define new offset parameter p0-UE-PUCCH-r13 and to use PUSCH PC formula as a starting point. The following modifications would be needed to the PUSCH PC formula:
· Po parameter would consist of sum of parameters
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 and the new p0-UE-PUCCH-r13 parameter
· Alpha or pathloss compensation would be fixed to the value 1 i.e. full pathloss compensation would always be used
· Instead of closed loop commands for PUSCH, CL commands for PUCCH or g(i) would be used

· Independently of the value of the higher layer parameter deltaMCS-Enabled for PUSCH transmission, 
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 would always use 
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setting. This is because PUCCH always uses power scaling for link adaptation but for PUSCH transmissions it should be possible to select MCS based or power scaling based link adaptation. Currently equation 
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is used in the case that control data is sent without UL-SCH. In the last meeting joint coding of HARQ-ACK/SR and P_CSI was agreed for the new PUCCH formats. Because of this it would make sense to take into account all the UCI bits i.e. instead of OCQI, OUCI should be defined to be used to in calculation of BPRE value. The parameter 
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 can be set to 1 as it only creates an offset that can be taken into account also in Po value.
The potential benefits of the PUSCH like PC are that 
[image: image12.wmf])

(

,

i

c

TF

D

 function accurately scales the tx power depending the number of information bits and that the 
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 function is already implemented by UEs. From specification simplicity point of view it would be better to have PUCCH PC formula as a starting point. Based on this, a compromise could be to use PUCCH PC formula as starting point but define h(n) function to be the same as 
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 function in PUSCH PC formula. 
Proposal #3 Power control of PUCCH formats 4 and 5 is based on the current PUCCH PC formula. Values for 
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parameter and h(n) function that takes into account the number of UCI bits and the number of PRBs, are defined for the new PUCCH formats. The h(n) function could be based on the existing 
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 function in the PUSCH PC formula.
Joint coding of HARQ-ACK/SR and P-CSI is agreed for the new PUCCH formats. This means that the Tx power of the new PUCCH format has to be set so that BER target of the HARQ-ACK/SR is fulfilled and the P-CSI may then have “too good” performance. In the case that new PUCCH only contains P-CSI Tx power of the PUCCH could be reduced e.g. by defining PUCCH PC parameter 
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 values separately for this case. The Tx power used in this case would be just slightly smaller so the gain can be expected to be small, but on the other hand adding one more RRC-parameter is also small effort. So far PUCCH PC has been independent of the UCI type that has been transmitted on the PUCCH.
Observation #2 If gains can be shown, PUCCH containing only P-CSI could have a separate power setting.
4
Simultaneous transmission of the new PUCCH format and SRS
In the last 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. In other words, also the latter approach is feasible for the new PUCCH formats. We do not see any significant performance or complexity difference between the approaches, as both are already in use in LTE. However, we have a slight preference for the latter approach.   
Proposal #4 Our slight preference is that shortening of the new PUCCH formats is done in the same way as shortening of the PUSCH  
5
Mapping of the coded bits to REs
Another point of the consideration for the new PUCCH format is mapping of the coded bits to resource elements within a subframe. For the existing PUCCH formats, intra-SC-FDMA symbol-first mapping is used in which the coded bits are first mapped to the 12 resource elements of the first symbols of first time slot and then moving further in time-domain. For the new PUCCH format, inter-SC-FDMA symbol-first mapping can be considered as well, in which the mapping is first done over the first resource element of all the symbols of a given slot and then over the second resource element of all the symbols of a given slot, and so on.

In [5], we showed simulated results for both mapping types with new PUCCH format for 1 PRB. Different payload sizes were simulated ranging from 48-128 bits, without observing any significant performance difference between the two mapping schemes. Hence, both of them can be considered as a possible mapping of coded bits to resource elements. We have slight preference for the intra-SC-FDMA symbol-first mapping.
Observation #3 When comparing coded bits to RE mapping options, no significant difference was observed between the intra and inter-SC-FDMA symbol-first mapping. We have slight preference for the intra-SC-FDMA symbol-first mapping.
6
Conclusions
In this contribution we discussed the remaining issues of the new PUCCH formats and made the following observations and proposals:
Proposal #1 Maximum number of HARQ-ACK bits in UL by one UE in one subframe for DL CA beyond 5 CCs is 128 bits 
Proposal #2 Maximum PUCCH payload by one UE in one subframe for DL CA beyond 5 CCs is determined to be 256 bits  
Observation #1 There is no need to limit the maximum configurable number of PRBs for PUCCH Format 4 below 8 PRBs that can be readily supported with the 3-bit signalling and 1 PRB configuration granularity      

Proposal #3 Power control of PUCCH formats 4 and 5 is based on the current PUCCH PC formula. Values for 
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parameter and h(n) function that takes into account the number of UCI bits and the number of PRBs, are defined for the new PUCCH formats. The h(n) function could be based on the existing 
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 function in the PUSCH PC formula.
Observation #2 If gains can be shown, PUCCH containing only P-CSI could have a separate power setting.
Proposal #4 Our slight preference is that shortening of the new PUCCH formats is done in the same way as shortening of the PUSCH  
Observation #3 When comparing coded bits to RE mapping options, no significant difference was observed between the intra and inter-SC-FDMA symbol-first mapping. We have slight preference for the intra-SC-FDMA symbol-first mapping.
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