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Discussion and Decision
1 Introduction
In TDD configuration #0 [1] we have ambiguity when UE is scheduled in two TTIs (when both MSB and LSB of UL Index field in the UL grant is 1 [2,3]) and aperiodic CQI is requested at the same time. The ambiguity relates to where the UE should schedule its aperiodic CQI. It is clear that repeating the same CQI report in both subframes would not be an acceptable interpretation. In this contribution we discuss multiple options for how the UE and eNB shall commonly interpret the signalling.

The relation between UL scheduling grants and link to available UL subframes is shown in Figure 1. In the figure “a” denotes the “early” allocation (indicated by MSB in UL index) and “b” denotes the “late” allocation (indicated by LSB in the UL index). For reporting the CQI in uplink subframe n, it is assumed that the UE uses the latest DL subframes satisfying n-nCQI_ref where nCQI_ref is the smallest value greater than or equal to 4 and not configured as MBSFN subframe for estimating its channel performance. In TDD, this means that the measurement window itself creates some delays in CQI. It is also evident, although vendor specific, that there is some delay from CQI is transmitted until the eNB is able to utilize the CQI for downlink transmission adaptation for the given UE.
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Figure 1. Illustration of the relation between UL scheduling grants and UL subframes.

Some possible options for interpreting aperiodic CQI request and allocation of UE to both “early” and “late” subframes are listed in the following along with a discussion.

Method 1: Aperiodic CQI is always allocated in the “early” subframe when UE is allocated to both “early” and “late” subframes.
This means minimum time from CQI is requested until it is sent in uplink which, given short eNB processing time, would allow an aperiodic CQI to be available already in the following 5 ms interval when using the first DL subframe for the UL grant. However, as seen in Figure 1 when UE is allocated in the first DL subframe, the “age” of the CQI measurement itself will be higher compared to if it was allocated in the “late” subframe but could then only be used 10 ms later than it was requested. When UE is allocated using the PDCCH in the second DL subframe, the choice of “early” is optimum to both ensure the most fresh measurement and first possible application on eNB side of the CQI report when considering eNB processing time.

Method 2: Aperiodic CQI is always allocated in the “late” subframe when UE is allocated to both “early” and “late” subframes. 
This is similar to method 1 but with opposite mechanisms active. If UE is allocated in first DL subframe, it will only be able to utilize the CQI report 10 ms later which is problematic if for instance running DRX-mode for UE and using e.g. Inactivity Timer as the trigger. On the other hand, in the case the UE is allocated in the first DL subframe it will produce the most “fresh” CQI report. For allocations in the second DL subframe, the placement of aperiodic CQI in the “late” UL subframe is always suboptimal as discussed under Method 1.

Method 3: Aperiodic CQI is always allocated in the “late” subframe when UL grant is given in subframe #0 (or #5) while aperiodic CQI is always given in the “early” subframe when UL grant is given in subframe #1 (or #6).

This hybrid method strikes a tradeoff among the aforementioned solutions thereby producing an optimum situation (single-user perspective) for allocations given the second DL subframe although forcing the “CQI measuring age” aspect to be the most important compared to having ealier availability of the CQI measurement. In e.g. DRX-type operation this may not be always the case as discussed earlier.

Method 4: The last UL TTI Index state is used to indicate where aperiodic CQI is to be transmitted.

In the design of multi-TTI for TDD configuration #0, one state of the UL TTI Index field is left unused. It was discussed earlier that this could be used for aperiodic CQI identification but since it was discussed to keep the UL grant design consistent for all configurations its use is left open. Since it is tied to the TTI allocation, it is envisioned that this mode does not have much potential in later releases. Hence, it is logical to consider it to solve the aperiodic CQI ambiguity in this case. The UL TTI Index field would for TDD configuration #0 have the interpretation as shown in Table 1.
Table 1. Interpretation of the UL TTI Index field of UL grant when aperiodic CQI is requested for TDD configuration #0.

	UL TTI Index field
	Interpretation

	MSB
	LSB
	

	0
	1
	UE is allocated in “late” UL subframe only and aperiodic CQI is correspondingly allocated in “late” UL subframe

	1
	0
	UE is allocated in “early” UL subframe only and aperiodic CQI is correspondingly allocated in “early” UL subframe

	1
	1
	UE is allocated in both “late” and “early” UL subframe and aperiodic CQI is allocated in “early” UL subframe.

	0
	0
	UE is allocated in both “late” and “early” UL subframe and aperiodic CQI is allocated in “late” UL subframe


With this solution, the eNB is free to make tradeoff among urgency of CQI report or accuracy of CQI report. The solution is fully backwards compliant and creates no ambiguity with other TDD configurations. We leave “early” as default solution when MSB=LSB=1 for eNB that don’t want to bother with the options since it provides overall the best “static” solution.

Method 5: Aperiodic CQI is configured separately for 2-TTI allocations and spans both UL subframes
One could envision a different option that the aperidic CQI would be present in both allocated UL subframes provided that both MSB and LSB of the UL TTI Index field was set to 1. As discussed earlier the two reports would need to be (1) different and (2) separately decidable. Hence, it could be possible to get double CQI size transmitted and thereby better accuracy of the CQI reporting overall.

This method would require specification of special CQI scheme (and signalling methods for configuration) for TDD configuration #0 and available gains are questionable. Hence, such methods are not preferred.

.
2 Conclusion
We have discussed fundamentally different schemes for interpretation of aperiodic CQI request when UE is given 2-TTI allocation. From the discussion we prefer to leave the network with the option of choosing if the aperiodic CQI should be in the “late” or “early” UL subframe. This is important to make tradeoff among accuracy (via the measurement age) and availability (e.g. delay until CQI report can be used) and can be used to optimize performance and power saving e.g. in DRX mode. We have shown a very simple solution using an “unused” UL TTI Index value that can be enabled without impact to signaling design and to UE/eNB behavior for other TDD configurations and for eNBs that just follow the basic multi-TTI allocation scheme.
Method 3 discussed above where the aperiodic allocation is hard-coded to the DL subframe number where the UL grant is given is our secondary choice. However, this method requires dependent PDCCH decoding which is not very attractive.
In the following we have made text proposal for the interpretation of UL Index when in TDD configuration #0, i.e. the method 4 discussed above.
Draft text proposal for 36.213.
7.2.1
Aperiodic CQI/PMI/RI Reporting using PUSCH

A UE shall perform aperiodic CQI, PMI and RI reporting using the PUSCH upon receiving DCI format 0 with the CQI request field set to 1. If, for TDD UL/DL configuration 0, both the MSB and the LSB of the UL index in the DCI format 0 is are set to 1 and the MSB of the UL index in the DCI format 0 is set to 1, the aperiodic CQI report shall be transmitted in the corresponding PUSCH transmission in subframe n+k, with k given in Table 8-2.. If, for TDD UL/DL configuration 0, both the MSB and the LSB of the UL index in the DCI format 0 is are set to 0 and the MSB of the UL index in the DCI format 0 is set to 0, the aperiodic CQI report shall be transmitted in the corresponding PUSCH transmission in subframe n+7.
8
Physical uplink shared channel related procedures

For FDD, there shall be 8 HARQ processes in the uplink.  For FDD, the UE shall upon detection of a PDCCH with DCI format 0 and/or a PHICH transmission in subframe n intended for the UE, transmit the corresponding PUSCH in subframe n+4 according to the PDCCH and PHICH information.

For TDD, the number of HARQ processes shall be determined by the DL/UL configuration (Table 4.2-2 of [3]), as indicated in table 8-1. 

Table 8-1: Number of synchronous UL HARQ processes for TDD

	TDD UL/DL configuration
	Number of HARQ processes

	0
	7

	1
	4

	2
	2

	3
	3

	4
	2

	5
	1

	6
	6


For TDD UL/DL configurations 1-6, the UE shall upon detection of a PDCCH with DCI format 0 and/or a PHICH transmission in subframe n intended for the UE, transmit the corresponding PUSCH in subframe n+k, with k given in Table 8-2, according to the PDCCH and PHICH information

For TDD UL/DL configuration 0 the UE shall upon detection of a PDCCH with DCI format 0 and/or a PHICH transmission in subframe n intended for the UE, transmit the corresponding PUSCH in subframe n+k if the MSB of the UL index in the DCI format 0 is set to 1 or PHICH is received in subframe n=0 or 5 in the resource corresponding to IPHICH  =0, as defined in Section 9.1.2, with k given in Table 8-2. If, for TDD UL/DL configuration 0, the LSB of the UL index in the DCI format 0 is set to 1 in subframe n or a PHICH is received in subframe n=0 or 5 in the resource corresponding to IPHICH =1, as defined in Section 9.1.2, or PHICH is received in subframe n=1 or 6, the UE shall transmit the corresponding PUSCH in subframe n+7. If, for TDD UL/DL configuration 0, both the MSB and the LSB of the UL index in the DCI format 0 are set to 0, the values of both MSB and LSB should be interpreted at being equal to “1” with respect to defining the PUSCH transmission timing.
Table 8-2 k for TDD configurations 0-6
	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	6
	
	
	
	4
	6
	
	
	

	1
	
	6
	
	
	4
	
	6
	
	
	4

	2
	
	
	
	4
	
	
	
	
	4
	

	3
	4
	
	
	
	
	
	
	
	4
	4

	4
	
	
	
	
	
	
	
	
	4
	4

	5
	
	
	
	
	
	
	
	
	4
	

	6
	7
	7
	
	
	
	7
	7
	
	
	5
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