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1. Introduction

During RAN1#53bis meeting and the reflector discussion afterwards, some discussion were held regarding the remaining issues related to periodic CQI reporting on PUCCH. Specifically, RI offset configuration for frequency-selective PUCCH CQI report was discussed. In this contribution we provide some analysis regarding these questions. 
2. On Offset O = 0 and -P for Frequency-Selective PUCCH CQI 
Discussion regarding rank offset O = 0 and O = -P was held in [1] for frequency-selective CQI report on PUCCH. Rank offset O is defined as the time interval between the RI and WB CQI/PMI. In the current working assumption, rank offset values are specified as 
· Wideband report (mode 1-0 and 1-1): 

 O = 0, -1, … -(P-1)

· Frequency-selective report (mode 2-0 and 2-1):  O = 0, -1, … -P

The CQI reporting periodicity P is specified as
· For WB CQI: reporting interval between two consecutive WB reports
· For WB+SB CQI: reporting interval between two consecutive reports including WB and SB

First of all, offset O = 0 is the default mode for PUCCH RI report for both WB and FS PUCCH report. It ensures that PUCCH CQI-related report (including RI/CQI/PMI) is strictly periodic, thereby providing the advantage of simplifying PUCCH reports multiplexing and enabling the network to more flexibly and efficiently configure the PUCCH resources.

Secondly, it is understood that in case of WB CQI/PMI drop, subsequent SB CQI is conditioned on the last reported WB PMI and RI. This is the default operation for frequency-selective PUCCH report modes (i.e. mode 2-0 and 2-1) per TS 36.213. As evident from several studies ([2-5]) and references therein), RI and WB CQI(+PMI) tend to vary slowly compared to other reporting entities (SB CQI). Hence, it is unlikely for two consecutive RI or WB CQI (+PMI) to be drastically different. Finally, eNB can very well RRC-configure the PUCCH RI/CQI reporting periodicity to guarantee a sufficient CQI reporting frequency and reliability, or trigger a PUSCH-based CQI report when necessary. This appears to be an implementation issue and needs no change in the spec.

On the other hand, we do see the use of offset O = - P is quite limited. First, the offset –P is an additional offset for WB+SB which is not supported for WB-only which the baseline and more important PUCCH reporting. Furthermore, the use of –P is quite limited even for WB+SB itself. For instance, with offset -P:

· For 5MHz bandwidth with MRI=1 and K=1, half of the SB reports are always punctured and only WB reports are left. For instance in Figure 1, when MRI=1, K=1, J=2, SB CQI for bandwidth part 2 will always be punctured and it will only have WB CQI report, while bandwidth part 1 have full WB + SB report. This seems to undermine the purpose of frequency-selective (FS) reporting on PUCCH. That is, the SB reports that vary faster than the WB reports are punctured [6]. This seems to be more detrimental than puncturing WB reports unless, of course, the additional gain of SB reports on PUCCH is marginal.
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Fig. 1
· Since bandwidth part 1 has WB+SB CQI but bandwidth part 2 has only WB CQI, it is more like for eNB to schedule UEs on bandwidth part 1 but not on bandwidth part 2 (assuming a PF-type scheduler). In other words, downlink traffic will be congested on the 1st half of the system bandwidth while the other half bandwidth is starved with fewer UEs scheduled. This is clearly undesirable from a spectrum efficiency perspective.
· So far all the discussion is focused on FDD.  For TDD, it is unclear whether removing O=0 and relying on –P only is sufficient. For certain DL/UL configuration, O = -P is not mapped to an uplink subframe but mapped to a downlink or special subframe. In this case O = 0 may be the only valid RI configuration for PUCCH reporting. An example is given in Figure 2 where MRI = 5, P = 2, J = 1. 
· O = 0:  one WB CQI dropped, but eNB receives RI, subsequent WB CQI and SB CQI

· O = -P:  RI is mapped to DL subframe and always dropped.
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Fig. 2
· Offset O = 0, on the other hand, is already supported for WB-only report and should work for the scenarios where offset –P does not work, as already pointed out. 
3. Conclusions

Several remaining issues related to periodic CQI reporting on PUCCH are discussed.

· RI offset configuration: If reducing the number of RI offsets is desired for frequency-selective CQI report on PUCCH, it is proposed to remove offset O = -P for frequency-selective CQI report on PUCCH in accordance to the wideband CQI reporting. A companion CR is attached.
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