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1. Introduction
Tremendous progress was made in RAN1#52 in defining the reporting modes for PUSCH-based reporting (aperiodic and periodic) [1, 2] and captured in the latest version of TS36.213 [3]. 

This contribution discusses some of the remaining minor issues for PUSCH-based reporting that need to be finalized or clarified for completing the specification:
1. Payload size incurred per report for each mode
2. Mechanism for aperiodic reporting: triggering, reporting resource, and timing relationship
3. Mechanism for periodic reporting: periodicity and reporting resource
2. Payload Size Comparison
The resulting payload sizes for each of the reporting modes are given in Table 1. The payload size includes CQI. PMI is also included for closed-loop SM. The following assumptions are made:

1. The number of sub-bands is computed as follows:
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2. The overhead for different number of codewords is identified. 

3. “2-TX” and “4-TX” refer to closed-loop spatial multiplexing. The overhead for “1-TX” applies to SIMO, Tx diversity, and open-loop spatial multiplexing.

4. The overhead for RI is not included in Table 1 for simplicity (since the length of RI depends not only on the number of TX antennas, but also the number of supportable layers). Essentially, a 1-bit RI is needed for 2-TX and 4-TX with a maximum of 2 supportable layers. A 2-bit RI is needed for 4-TX with a maximum of 4 supportable layers.
Table 1. Total CQI (+PMI when applicable) payload. 
	Mode
	No. CW
	5MHz (25 RBs)
	10MHz (50 RBs)
	20MHz (100 RBs)

	
	
	1-TX
	2-TX
	4-TX
	1-TX
	2-TX
	4-TX
	1-TX
	2-TX
	4-TX

	1-2
	1
	n/a
	25
	32
	n/a
	31
	40
	n/a
	43
	56

	
	2
	n/a
	22
	36
	n/a
	26
	44
	n/a
	34
	60

	2-0
	1
	15
	n/a
	n/a
	19
	n/a
	n/a
	24
	n/a
	n/a

	
	2
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	2-1
	1
	n/a
	18
	19
	n/a
	22
	23
	n/a
	27
	28

	
	2
	n/a
	23
	25
	n/a
	27
	29
	n/a
	32
	34

	2-2
	1
	n/a
	21
	23
	n/a
	25
	27
	n/a
	30
	32

	
	2
	n/a
	25
	29
	n/a
	29
	33
	n/a
	34
	38

	3-0
	1
	18
	n/a
	n/a
	22
	n/a
	n/a
	30
	n/a
	n/a

	
	2
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	3-1
	1
	n/a
	21
	22
	n/a
	25
	26
	n/a
	33
	34

	
	2
	n/a
	38
	40
	n/a
	46
	48
	n/a
	62
	64

	3-2
	1
	n/a
	39
	46
	n/a
	49
	58
	n/a
	69
	82

	
	2
	n/a
	50
	64
	n/a
	62
	80
	n/a
	86
	112


3. Aperiodic Reporting Mechanism on PUSCH
It was decided that an aperiodic CQI reporting is triggered via a 1-bit trigger field in the UL grant (Format 0 DCI) as a part of the grant for data transmission on PUSCH. However, it was decided in RAN1#51bis that an aperiodic CQI report can be triggered by the eNB without any UL data grant [4]. That is, the aperiodic CQI report can be transmitted on PUSCH without any companion data transmission. This raises several issues:
· DCI format for CQI-only triggering: 
· One solution is to use the existing Format 0 for CQI triggering. However, there are several fields in Format 0 that are not needed for CQI-only “grant” such as the HARQ-related fields. Hence, a shorter DCI format can be justified as long as it does not increase the number of UE blind decodes. This is acceptable if a special shorter format is defined for D-BCH grant/RACH response/paging and the grant for CQI-only trigger fits in this shorter format. 
· If no additional format is defined for D-BCH grant/RACH response/paging, Format 0 shall be used.
· MCS: 
· If Format 0 is used, the MCS for CQI reporting can be inferred from the MCS field which is intended for UL data transmission (assuming that the error requirement for CQI is stricter than data [5]). The same relation can be used for CQI-only trigger. 
· If a special format is used, the actual MCS can be explicitly signaled. 
· How to differentiate CQI + data vs. CQI-only if Format 0 DCI is used: At a first glance, it seems that an additional indicator bit is needed to differentiate the two cases. 
· However, both the UE and eNB are aware and in agreement of the UL buffer status of the UE (e.g. via higher layer signaling). Hence, the eNB does not have to explicitly notify the UE whether the grant is intended for CQI-only or CQI + data when the CQI trigger field is ON. 
Another issue that needs to be clarified (although may not need to be included in the specification) is the timing relationship between the reception of the triggering UL grant and the CQI reporting. In this case, the timing of the aperiodic CQI reporting should be aligned with the allocated DL processing time. This is captured as follows (analogous to Section 10.2 of [3]: 
“The UE shall upon detection of the PDCCH scheduling grant in subframe n intended for the UE and for which a CQI (CQI+PMI) shall be provided, transmit the CQI (CQI+PMI) on PUSCH in subframe n+4.”
That is, the UE responds within 4 sub-frames upon the reception of the UL grant which contains the CQI triggering.
Note that an aperiodic reporting supersedes any other periodic report when a collision occurs within a sub-frame. However, to ensure the utility of aperiodic reporting, the following mechanism can be used:

· Since aperiodic report typically contains more detailed CQI/PMI information compared to the periodic reporting from the same UE (otherwise there is no strong motivation to trigger such report), it is beneficial to specify a duration in which the aperiodic report is valid and overwrites any other periodic report from the same UE. In this way, the utility of aperiodic reporting can be maximized. We term this parameter the “Aperiodic reporting validity duration”. This parameter should be semi-statically configured.
· This requires another system parameter which specifies a small number of possible values (see [6] where 1 bit is proposed to represent 5ms and 10ms). The timing reference can be defined as the sub-frame where the UE responds to the CQI trigger from the eNB (which is 4 sub-frames after the trigger is detected).   
· As the choice of value is strongly dependent on the UE speed, it seems more beneficial to define the parameter UE-specific. Otherwise, the parameter can be defined as broadcast and a part of SIB.
4. Periodic Reporting Mechanism on PUSCH
Since periodic reporting on PUSCH is not triggered, this is regulated by the two UE-specific system parameters: periodicity and sub-frame offset (see [6]). Due to its periodic nature, the report may or may not coincide with scheduled UL data for a given UE: 
· When a periodic report coincides with data, the MCS used for CQI reporting can be inferred from the MCS indicated by the UL grant (intended for data transmission). 
· However, when a periodic report does not coincide with data, the MCS used for CQI reporting in uncertain. Two solutions are possible:
· Solution 1 (error-rate conservative): Specify a default MCS which is low enough to ensure a good reporting coverage, e.g. QPSK rate 1/3.  
· Solution 2 (resource conservative): Use the MCS derived from the latest UL grant. 

While solution 2 is more spectral-efficient compared to solution 2, the MCS derived from the latest UL grant may be stale when the UE sparingly receives an UL grant from the eNB. Furthermore, the dependency on the UL grant may introduce additional error cases that need to be handled by the eNB. Hence, solution 1 seems to be more robust despite it results in large overhead especially for Mode 3-2. 
It was also indicated in the previous meetings that a periodic reporting on PUSCH needs to be accompanied by a wideband reporting on PUCCH with different time offsets to avoid collision. This is similar to the need of the sub-band CQI reporting on PUCCH. While the sub-band CQI reporting on PUCCH shall be accompanied with an associated wideband reporting, this is not the case for the periodic reporting on PUSCH. This is because the periodic reporting on PUSCH is self-contained. Hence, the following types of periodic reporting on PUSCH need to be supported for each reporting mode:

· Without a companion wideband reporting
· With a companion wideband reporting
5. Conclusion
This contribution addressed the required mechanisms to support both aperiodic and periodic reporting on PUSCH. The following conclusion can be drawn:

· The payload size per report (without RI) ranges from 15 to 112 bits depending on the reporting mode and antenna/bandwidth configurations.
· Depending on the DCI format used for UL grant, the MCS used for the CQI report can be either inferred from the MCS assigned to the data (via a predefined mapping) or explicitly indicated in the DCI.
· To better utilize the aperiodic (triggered) reporting, a UE-specific parameter ““Aperiodic reporting validity duration” can be defined as a part of the system parameter.
· When a periodic report on PUSCH does not coincide with data, a default MCS shall be used, such as QPSK rate 1/3, to ensure sufficient coverage.
· When a periodic report on PUSCH is configured with a companion wideband report on PUCCH, different time offsets shall be used to avoid collision as much as possible. 
Issues such as the MCS assignment for the reporting as well as the need for specifying the validity duration for aperiodic reporting were discussed.
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