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1. Introduction

In RAN1 #69 meeting, we achieve the following conclusion.
· Working assumption is independent configuration of multiple CSIs for periodic report.

· At least in the case of PUCCH:
· In case 2 or more CSIs are configured in the same reporting instance(s), FFS the details of 
· Collision handling
· Compression/multiplexing
· Observation: By configuring 2 or more CSIs with the same set of reporting instances, it is possible to compress/multiplex multiple CSIs into the same set of reporting instances
In RAN1 #70 meeting, on the topic of CSI multiplexing, we have the following three alternatives, but no conclusion is achieved.

· Alt1: FFS, taking into account the outcome of CA CSI multiplexing discussion. 
· Alt2: At least for single carrier case, support Multiplex of CSIs on PUSCH.

· Alt3: At least for single carrier case, support Multiplex of CSIs on PUCCH format 3.

· Compression schemes suitable for CoMP can be considered on PUCCH Format 2.
In this document, at least for Alt3, we present two approaches to jointly encode 2/3 CSI reports into PUCCH format 3 without performance loss comparing to current encoding scheme.
2. Background Knowledge
In Rel.10 carrier aggregation, one UE could be served by multiple cells and thus one UE may need to report HARQ ACKs and NACKs to each cell at the same time. A new control format including 48 bits named as PUCCH format 3 is specified. Assuming all the HARQ bits (may include one scheduling request bit) are 
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 is total number of bits. From TS 36.212 [1], the encoding scheme is described as follows.
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 is encoded as (1), where i = 0, 1, 2, …, 31 and the basis sequences 
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The output bit sequence 
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 is obtained by circular repetition of the sequence 
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, where i = 0, 1, 2, …, B-1 and where 
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For 
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 are encoded as follows, where i = 0, 1, 2, …, 23 and the basis sequences 
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Table 5.2.2.6.4-1: Basis sequences for (32, O) code.
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10

	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1

	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1

	2
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1

	3
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1

	4
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1

	5
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1

	6
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1

	7
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1

	8
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1

	9
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1

	10
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1

	11
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1

	12
	1
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1

	13
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1

	14
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1

	15
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1

	16
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0

	17
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0

	18
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0

	19
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0

	20
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1

	21
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1

	22
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1

	23
	1
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1

	24
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0

	25
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	1

	26
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0

	27
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0

	28
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0

	29
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0

	30
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	31
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


The output bit sequence 
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 as follows

Set i, j = 0, while 
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i = i + 4, j = j + 2
end while
It is the encoding scheme for HARQ ACK/NACK in Rel. 10 specification for carrier aggregation. We use figure 1 which is from [2] to denote the encoding process.
[image: image27.emf]
Figure 1: Coding and scrambling for PUCCH format 3 in 3GPP Rel. 10 specification.
On the other hand, when multiple CSIs for different cells need to be transmitted simultaneously, the Rel. 10 specification requires UE to drop reports with lower priorities and to deliver only one report at one time. The following is the dropping rules described in TS 36.213 [3].

If the UE is configured with more than one serving cell, the UE transmits a CSI report of only one serving cell in any given subframe. For a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a of one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another serving cell, the latter CSI with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in case of collision of CSI report with PUCCH reporting type 2, 2b, 2c, or 4 of one serving cell with CSI report with PUCCH reporting type 1 or 1a of another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has lower priority and is dropped.

For a given subframe, in case of collision between CSI reports of different serving cells with PUCCH reporting type of the same priority, the CSI of the serving cell with lowest ServCellIndex is reported, and CSI of all other serving cells are dropped.
In summary, in current specification, there is only joint encoding for multiple HARQ ACKs and NACKs. There is no joint encoding for multiple CSI reports, or joint encoding for multiple CSI reports with HARQ ACKs and NACKs.
3. Multiplexing of CSI reports (may include HARQ and SR)
The existing PUCCH format 3 can be reused to deliver multiple CSI reports, by jointly encoding several CSI reports and possible HARQ and SR, into 48 bits. In the following we describe two joint encoding schemes, to multiplex 2 CSI reports and 3 CSI reports into the PUCCH format 3. In view of current CSI/HARQ/SR format, we assume the maximum number of bits in each CSI report is 11, the maximum number of bits in one HARQ report is 2 and the maximum number of bits for scheduling request is 1.
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Figure 2: Jointly encoding 2 CSI reports to 48 bits.
The possible approach to multiplex 2 CSI reports is to reuse current HARQ joint encoding scheme, which is described in figure 2, which is very similar to figure 1 with the ACK/NACK bits are replaced by CSI reports. The RM(32,O) codes in table 5.2.2.6.4-1 in [1] are reused and the last 8 bits are also truncated. 
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Figure 3: Jointly encoding 3 CSI reports to 48 bits.
To multiplex 3 CSI reports, we can still utilize the same architecture but replace the RM(32,O) code with the RM(16,11) code, by dividing the 48 bits into 3 code blocks. The architecture is described in figure 3 and the encoding matrix of RM(16,11) code is listed in the Table 1.
Table1: Basis sequences for RM(16, 11) code.
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10

	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0

	2
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	0

	3
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0
	0

	4
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1

	5
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0

	6
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	7
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	8
	1
	0
	1
	1
	1
	0
	0
	0
	1
	1
	1

	9
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0

	10
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0

	11
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	12
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1

	13
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	14
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	15
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


The motivation behind this approach is the minimum distance performance of RM(16,11) code is almost the same with the RM(32,O) code with 8 tailed bits punctured. As we can observe in the figure 4, the black line denotes the minimum distance of RM(32,O) code without puncturing the last 8 bits, the blue line denotes the minimum distance of RM(32,O) code with the last 8 bits punctured. The red line denotes the minimum distance of RM(16,11) code. The RM(32,O) code with the last 8 bits punctured is current HARQ joint encoding scheme for carrier aggregation in rel. 10, which is listed in Table 5.2.2.6.4-1 in [1] and above.
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Figure 4: Minimum distance of RM(16,11) code, compare to RM(32,O) puncturing the last 8 bits.
From this figure we can find that the minimum distance of RM(32,O) code with the last 8 bits punctured is 4, and the minimum distance of RM(16,11) code is also 4. Considering the number of code blocks that can be delivered by RM(16,11) codes is 3 but the number of code blocks that can be delivered by RM(32,O) code with the last 8 bits punctured is 2, we think the RM(16,11) code achieve higher performance than current HARQ encoding, either in terms of number of information bits can be delivered or bit error rate. 
4. Conclusion
In this document we propose the following,
Proposal 1: Reusing the RM(11,32) code to jointly encode 2 CSI reports could be considered.
Proposal 2: Reusing current HARQ joint encoding architecture and RM(16,11) code to jointly encode 3 CSI reports (and possible HARQ and SR).
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