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1. Introduction
In regard of CQI-only triggering, the following was agreed in RAN1#63 [1]: 
If DCI format 0 is used for the UL grant,

· Aperiodic CQI-only PUSCH can be enabled by setting IMCS=29 , NPRB<=X and CQI request=1.

· X is FFS, pending the outcome of CQI payload discussion in MIMO and CA

· Modulation format, QPSK is supported

· Additional support of 16QAM is FFS, pending the outcome of CQI payload discussion in MIMO and CA

If DCI format 4 is used for the UL grant,

· CQI-only transmission is supported if  the transmission rank is 1 

· Aperiodic CQI-only PUSCH can be signalled by setting IMCS(enabled TB)=29 , NPRB<=X and CQI request=1.

· X is FFS, pending the outcome of CQI payload discussion in MIMO and CA

· Modulation format, QPSK is supported

· Additional support of 16QAM is FFS, pending the outcome of CQI payload discussion in MIMO and CA

It was also agreed that the following TB-disabling mechanism was adopted [1, 2]:
· If either (I_MCS=0, N_PRB>1); or  ( I_MCS =28, N_PRB =1) is signalled


This contribution attempts to finalize the remaining details for DCI format 4 as well as to reconsider some components of the agreement in light of the agreement on TB-disabling mechanism. The remaining details on CQI-only triggering with DCI format 0 and related issues with carrier aggregation are addressed in a companion contribution [3]. 
2. CQI-only Triggering with DCI format 4
In Rel.8/9, only one transport block (TB) is available for CQI transmission. CQI-only triggering with DCI format 0 is achieved via a combination of I_MCS=29 (intended for retransmission) and small number of allocated PRBs needed just for CQI-only transmission (<=4). This combination results in marginal scheduling restriction as multiplexing a retransmitted data and CQI within such a small number of PRBs is not a favorable grant assignment. When more than one DL component carriers (CCs) are assigned in Rel.10, it was expected that reusing 4 as the maximum number of PRBs is insufficient. Hence, a larger maximum number X should be considered. Note that aperiodic CQI mode 3-2 was not agreed for Rel.10. Hence, the only consideration for introducing larger X in Rel.10 is carrier aggregation (i.e. triggering aperiodic CQI for multiple DL CCs). As expected, larger value of X results in more severe scheduling restriction as the likelihood of multiplexing data with CQI increases with larger PRB allocation. While some additional restriction in CQI triggering may be used to avoid introducing larger value(s) of X (see, e.g. [3]), it is difficult – if not impossible – to avoid some type of undesirable restriction when DCI format 0 is used for triggering CQI-only transmission.  
However, such drawback does not apply to DCI format 4 especially in light of the recent agreement on TB disabling mechanism (made almost concurrently with CQI-only triggering in RAN1#63 [1]). While some other TB disabling mechanisms were proposed in RAN1#63 (which do not result in scheduling restriction), a less efficient alternative was finally agreed upon as mentioned in Section 1. Considering this agreement together with that for CQI-only triggering for DCI format 4, the following points can be observed:
1. Both mechanisms incur the same type of scheduling restriction due to the use of a combination of I_MCS and N_PRB values. While one may always argue that the additional scheduling restriction is incremental, introducing any unnecessary scheduling restriction is undesirable as it further complicates scheduling process by adding even more invalid decision points in the scheduling pool. 
2. It can be seen that the agreed upon mechanism for TB disabling results in some unused hypotheses when one of the two TBs is disabled – thanks to its inefficient use of the available hypotheses. Hence, it is apparent that some of the unused hypotheses can be utilized for CQI-only triggering when only 1-TB transmission is allowed for CQI-only triggering.  
3. As mentioned above, adding larger value(s) of X is undesirable for DCI format 0. The same applies to DCI format 4. Furthermore, the set of value(s) for X should be separately considered for DCI format 0 and 4 in order to minimize the throughput loss from not being able to multiplex data and CQI in addition to the restriction in aperiodic CQI triggering. This is true even when only rank-1 is allowed for CQI-only transmission. While it may be difficult to avoid such inefficiency for DCI format 0, an alternative solution should be considered for DCI format 4 whenever possible.   
4. Utilizing 16QAM to reduce the number of PRBs is complementary at best. As explained in [3], adding 16QAM in addition to QPSK is beneficial only when the required coding rate is already very low for QPSK. This is because 16QAM requires ~4dB additional SNR over QPSK for the same coding rate (not including the additional back-off due to higher cubic metric in power-limited scenarios). 
5. For the case of 2Tx (2 antenna ports), the ‘rank-1 only” agreement is simply an equivalent of the previous agreement of using only 1 TB for CQI multiplexing on PUSCH.  For 4Tx (4 antenna ports), however, such restriction seems unnecessary since rank-2 (2-layer) transmission is also possible with 1-TB transmission. In this case, the “rank-1 only” restriction is indeed contradictory to the other efforts of minimizing the number of PRBs used for CQI-only transmission. That is, the additional spectral efficiency from rank-2 transmission should be reaped for CQI-only transmission whenever possible. Note that minimizing the number of PRBs for CQI-only transmission should not be treated as an isolated goal in itself. Any reduction in the number of PRBs is beneficial for the system as a whole since such PRBs can be used to schedule other UL transmissions. 
 Based on the above analysis, we propose to reconsider the agreement on CQI-only triggering with DCI format 4:

· From points 1, 2, and 3, we propose to use an alternative mechanism instead of (I_MCS=29)&(N_PRB<=X). In particular, a mechanism which utilizes some unused hypotheses when one of the 2 TBs is disabled is preferred. For instance, the NDI and/or MCS-RV fields of the disabled TB can be utilized to indicate CQI-only triggering.
· From point 5, we propose to relax the “rank-1 only” restriction and allow rank-2 transmission with 1-TB for the case of 4Tx. 
· From point 4, the benefit of introducing 16QAM needs to be justified. That is, the potential reduction in terms of the number of PRBs for the same/comparable error rate requirements should be demonstrated.
One particular scheme that fulfils the first two bullets above is as follows (following the terminology in [4]). 

CQI-only transmission is triggered with DCI format 4 when all the following conditions are fulfilled:
· Condition 1: “CQI request” field = 1 (when one DL component carrier is configured), 01, 10, or 11 (when >1 DL component carriers are configured)
· Condition 2: One of the two TBs is disabled, i.e. either (I_MCS=0, N_PRB>1) or ( I_MCS =28, N_PRB =1) is signaled.
· Condition 3: “NDI” of the disabled TB = 1.
Note that the above scheme is similar to the proposal in [5] except for the “rank-1 only” restriction. The above proposal requires no restriction on the number of layers since the precoding information field is interpreted based on the number of enabled TBs (see [4] Tables 5.3.3.1.8-2 and 5.3.3.1.8-3). When only 1 TB is enabled, the restriction of “1-layer only” for 2 antenna ports and “1- or 2-layer only” for 4 antenna ports are already imposed.
3. Conclusion
The following is proposed as a mechanism for triggering CQI-only transmission with DCI format 4: 

CQI-only transmission is triggered with DCI format 4 when all the following conditions are fulfilled:

· Condition 1: “CQI request” field = 1 (when one DL component carrier is configured), 01, 10, or 11 (when >1 DL component carriers are configured)

· Condition 2: One of the two TBs is disabled, i.e. either (I_MCS=0, N_PRB>1) or ( I_MCS =28, N_PRB =1) is signaled.

· Condition 3: “NDI” of the disabled TB = 1.
The above set of conditions hold regardless whether 16QAM is introduced in addition to QPSK. Whether 16QAM is introduced should be properly evaluated in terms of the potential reduction of the number of PRBs for the same/comparable error rate requirements should be demonstrated.
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