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1 Introduction
In RAN1#62, a way forward on the extension of Rel-8 PUCCH reporting modes was agreed [1]. Three modes from Rel-8 were agreed to be extended and supported in Rel-10 but further down-selection of the three modes is not precluded in the Rel.10 time frame. The three PUCCH reporting modes which we will refer to as E-Mode 1-1-A, E-Mode 1-1-B and E-Mode 2-1, are:

· E-Mode 1-1-A: Extension of Rel.8 PUCCH Mode 1-1 with RI and W1 signalled in the same subframe

· E-Mode 1-1-B: Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous subframe

· E-Mode 2-1: Extension of Rel.8 PUCCH Mode 2-1

In this contribution, we express our views on the Rel-10 PUCCH reporting modes and propose modes to be removed in the Rel-10, or at least postponed for further discussions in the Rel-11 time frame. 
2 Discussions
The need for further down-selection

In Rel-8, there was a considerable effort to keep the number of reporting modes to a manageable level. There are currently 4 PUCCH reporting modes and 5 PUSCH reporting modes defined in Rel-8. At the time of writing, there are still no RAN4 performance requirements for PUCCH mode 2-0 and 2-1 as well as PUSCH mode 2-0 and mode 2-2. Furthermore, according to the recently agreed “way forward on Rel-8 FGI handling in Rel-9” in RAN49 [2], those features have been classified as Category C, which is the least prioritized category whereby “IOT availability is not anticipated before the end of June 2011.” In another words, it is still unclear when IOT is available but not likely before the end of June 2011.
It is clear that there is still considerable effort needed to clear the testing backlog on Rel-8 PUCCH/PUSCH reporting modes. In fact, there is currently no plan in RAN4 to have test cases for PUCCH mode 2-0, PUCCH mode 2-1 and PUSCH mode 2-2. Therefore, it would only make sense if only absolutely essential extensions of modes are allowed to be included in Rel-10.
E-Mode 1-1-A and E-Mode 1-1-B
There are currently two modes which are considered extensions of Rel-8 PUCCH Mode 1-1, i.e. E-Mode 1-1-A and E-Mode 1-1-B. Both modes aim to deliver RI, wideband CQI, wideband W1 and W2 reports to the eNB. For 2/4-TX antenna configurations, both modes reduce to Rel-8 mode 1-1. Considering the similarity of the function of the two modes, it is therefore reasonable that at least one of them should be removed from Rel-10. 

The report overhead of E-Mode 1-1-A and E-Mode 1-1-B (without codebook subsampling) is given in Table 1 and Table 2, respectively. 
Table 1: Feedback overhead for E-Mode 1-1-A (8 TX)

	Report
	Rank = 1
	Rank = 2/3
	Rank = 4
	Rank = 5-8

	RI + W1
	6 bits
	6 bits
	6 bits
	6 bits

	WB CQI + WB W2
	8 bits (4+4)
	11 bits ([4+3]+4)
	10 bits ([4+3]+3)
	7 bits ([4+3]+0)


Table 2: Feedback overhead for E-Mode 1-1-B (8 TX)

	Report
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4
	Rank = 5-7
	Rank = 8

	RI
	3 bits
	3 bits
	3 bits
	3 bits
	3 bits
	3 bits

	WB CQI + WB W1 + WB W2
	12 bits (4+4+4)
	15 bits ([4+3]+4+4)
	13 bits ([4+3]+2+4)
	12 bits ([4+3]+2+3)
	9 bits ([4+3]+2+0)
	7 bits ([4+3]+0+0)


In our view, E-Mode 1-1-A is preferred over E-Mode 1-1-B for the following reasons:

1. E-Mode 1-1-A is capable of delivering the full CSI information that is intended (if codebook sub-sampling is not applied) while E-Mode 1-1-B can only deliver partial CSI information at best due to the loss from codebook sub-sampling that is necessary in order to fit the second report into the maximum payload of 11-bit. The subsampling required for rank 2 needs to achieve reduction of 4 bits, which is particularly severe for an important rank condition.
2. It has been shown in [3][4] the overall CSI feedback error rate is dominated by the larger-sized second report. For rank=1, 4, 5 and 7, E-Mode 1-1-A is expected to be more robust than E-Mode 1-1-B due to its relatively lower overhead for its second report. For rank=2 or 3, the robustness of E-Mode 1-1-A can be improved to be more superior to E-Mode 1-1-B through very modest subsampling of W2, e.g. by restricting the selection hypotheses. 
3. CSI outage was raised as a concern for E-Mode 1-1-A in [5] where all CSI information can be lost for a potentially long period of consecutive subframes due to the error of the first report. The problem affects mainly cell-edge UEs where the relatively higher payload of RI+W1 report may cause more frequent CSI outage. We note that the problem can be mitigated by configuring RI+W1 reporting with shorter periodicity, but there are also other simple solutions available if necessary:
a. Codebook subsampling of W1 can be applied to reduce the bitwidth for RI+W1 report. One way is to use only non-overlapping beams for rank 1 – 4 in the W1 codebook and exclude the possibility of rank 8 reporting (a very rare case), which will reduce the total number of W1 hypotheses across all ranks from 53 (16+16+4+4+4+4+4+1) to 32 (8+8+2+2+4+4+4+0) and the corresponding number of bits from 6 bits to 5 bits. 
b. If 5 bits cannot ensure sufficient robustness, further restriction on the RI+W1 report, configurable by higher layer signaling, can be introduced so that only rank 1 or rank 2 and the corresponding W1 can be selected by the UE. This reduces the number of hypotheses to be 8+8=16, which fits into 4 bits. Depending on the channel condition, the UE can be configured to transmit a 5/6-bit RI+W1 report or a 4-bit RI+W1 report. 
Recommendation 1:

· Select only one of the two PUCCH extension modes for Rel-8 PUCCH mode 1-1 in Rel-10.

Recommendation 2:
· Confirm inclusion of E-Mode 1-1-A: “Extension of Rel.8 PUCCH Mode 1-1 with RI and W1 signalled in the same subframe” in Rel-10.
· If necessary, one or more of the following refinements can be considered:
· Codebook subsampling on W2, e.g. by restricting the selection hypotheses, to improve robustness of the WB CQI + WB W2 report
· Codebook subsampling on W1 to reduce the bitwidth for the RI+W1 report to 5 bits by supporting only non-overlapping beams for rank 1 – 4 in the W1 codebook and exclude the possibility of rank 8 reporting
· A 4-bit RI+W1 report is supported which corresponds to rank 1 or rank 2 jointly encoded their associated W1 (with non-overlapping beams). The support of the 4-bit report is configurable by higher layer signaling.
Recommendation 3:
· Remove E-Mode 1-1-B: “Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous subframe” in Rel-10.
E-Mode 2-1

E-Mode 2-1 extends the Rel-8 PUCCH mode 2-1 in a much more complicated manner compared to the other extension modes. For 2/4-TX antenna configurations, the mode doesn’t reduce to Rel-8 mode 2-1 since subband PMI is also reported together with subband CQI.

Similar to E-Mode 1-1-B, E-Mode 2-1 also has some issues with payload size that is too large, in particular the subband report when PTI=1 exceeds the 11-bit limit in many cases. Our more detailed views on the feedback overhead of E-Mode 2-1 can be found in [6].

An interesting feature of this mode is that for 8 TX, the UE has some autonomy in deciding the report type to be transmitted through PTI signaling. This is new and will certainly raise some issues in RAN4 regarding its test complexity and even its test feasibility. While the discussions on testability is best left to RAN4, to our knowledge there is no plan in RAN4 to test Rel-8 PUCCH mode 2-1. In our view, it is extremely doubtful that this extension mode will ever be tested, if it is included in Rel-10.
For this mode, the collision of the W1 report with HARQ-ACK without PUSCH would also require special attention. Since the W1 is only reported very infrequently (potentially much less frequent than RI+PTI reporting), similar CSI outage problem as mentioned before can be severe if the W1 report is dropped due to collision with HARQ-ACK without PUSCH. To solve this problem, a new UE behavior would be needed e.g. either use obsolete W1 for the subsequent CQI and W2 reporting or delaying the transmission of W1 report until the next available opportunity. Unfortunately, this will either complicate UE’s CQI/W2 selection (if the UE needs to take of which W1 it should assume for its CQI and W2 selections) or complicate the timing relationship among the different report types (if the UE delays transmission of the W1 report). In any case, it is clear that this will again cause serious complication to standardization, implementation and testing effort.
Considering all the above, our recommendation is to remove E-Mode 2-1 in Rel-10.
Recommendation 4:
· Remove E-Mode 2-1: “Extension of Rel.8 PUCCH Mode 2-1” in Rel-10
3 Conclusions
In this contribution, we presented our views on the current Rel-10 PUCCH modes and would like to recommend the following:
Recommendations:
· Select only one of the two PUCCH extension modes for Rel-8 PUCCH mode 1-1 in Rel-10.

· Confirm inclusion of E-Mode 1-1-A: “Extension of Rel.8 PUCCH Mode 1-1 with RI and W1 signalled in the same subframe” in Rel-10.
· If necessary, one or more of the following refinements can be considered:
· Codebook subsampling on W2, e.g. by restricting the selection hypotheses, to improve robustness of the WB CQI + WB W2 report
· Codebook subsampling on W1 to reduce the bitwidth for the RI+W1 report to 5 bits by supporting only non-overlapping beams for rank 1 – 4 in the W1 codebook and exclude the possibility of rank 8 reporting
· A 4-bit RI+W1 report is supported which corresponds to rank 1 or rank 2 jointly encoded their associated W1 (with non-overlapping beams). The support of the 4-bit report is configurable by higher layer signaling.
· Remove E-Mode 1-1-B: “Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous subframe” in Rel-10.
· Remove E-Mode 2-1: “Extension of Rel.8 PUCCH Mode 2-1” in Rel-10.
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