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Introduction
In RAN1 #61 meeting, the following agreements related to CQI for 4-carrier HSDPA were made [1]:

1. minimum CQI feedback cycle is 4 ms for all cases when 3 or 4 carriers are configured
1. The ACK/NACK and CQI/PCI information is remapped and repeated when only 1 or 2 carriers remain activated
1. Upon (de)activation of carriers to/from 1 or 2 active carriers, the HS-DPCCH power offsets are set to different power settings relative to before the HS-SCCH order.
1. Information corresponding to primary carrier is never remapped

Some details on the encoding for the CQI (MIMO, non-MIMO, etc.) for 3 and 4 carriers activated still need to be agreed.  In this contribution, we discuss the various possible implementations of CQI encoding and mapping.  
[bookmark: _Ref260655734]Discussion
As a result of the 4ms minimum CQI feedback cycle agreement, a number of possible CQI encoding approaches may be implemented in the specifications.  At a high level, the following CQI encoding options can be used:
a) Joint cell CQI encoding and repeat;
b) Joint cell CQI encoding with DTX;
c) Independent CQI encoding for each cell.
Independent CQI encoding, as shown in Figure 1, may be the simplest scheme to implement in the specifications; however it suffers from higher required transmission power.  Next we analyze the merit of joint cell CQI encoding.



[bookmark: _Ref264962978]Figure 1: Independent CQI encoding and mapping


Figure 2 shows the difference in decoding performance between two independent CQI encoding scheme (dual (20,5) coding) and joint CQI encoding scheme coding along with repetition ((20,10) coding with repetition) in AWGN channel.  For fair comparison of the error rate of the information block (BLER), for each coding scheme the joint maximum likelihood (ML) decoding algorithm is used, where both schemes are treated as a (40,10) code.  Clearly, scheme of (20,10) coding with repetition outperforms dual (20,5) coding scheme. As a result, for scenario (4,1), CQI encoding scheme Alt 2 (Alt 3, Alt 4) is preferred over Alt 1.  We note from the figure that a coding gain of approximately 1dB at 1% BLER can be achieved from using (20,10) coding with repetition over two independent (20,5) codes.

[image: ]
[bookmark: _Ref264632861]Figure 2: Performance of dual (20,5) coding vs. (20,10) coding with repetition.


Depending on the number of activated carriers (3 or 4) and also on the number of carriers configured in MIMO mode,  we have listed in the Appendix all possible CQI encoding schemes with the 4ms minimum CQI feedback cycle restriction (to simplify, repetition was assumed).  For almost every scenario (number of activated carriers, number of MIMO carriers), it can be seen that there are multiple CQI encoding schemes possible which could result in different decoding performance.  Given that the decoding performance is directly related to the required HS-DPCCH transmission power, and consequently the UE power consumption, there is a performance advantage to be had by identify the best encoding scheme(s) for each scenario.  


For example, for scenario (4,1), there are four alternatives on encoding CQIs, Alt 1, Alt 2, Alt 3, and Alt 4, where Alt 2, Alt 3, and Alt 4 have the same decoding performance.   Note that Alt 1 utilizes two (20,5) codes, one for C3, the other for C4, while in Alt 4 CQIs of C3 and C4 are jointly encoded by one (20,10) code with repetition.  

Thus in terms of link efficiency, it is always better to perform joint CQI encoding.  Using repetition further reduces the HS-DPCCH instantaneous transmission power, which may improved UL coverage and also balances the instantaneous power across slots.

 Table 1 summarizes the preferred encoding alternatives for every scenario, first according to link efficiency and then further with the additional criteria of power balancing across slots.  The last column in Table 1 shows the difference in HS-DPCCH power between using the preferred CQI encoding scheme and the independent coding approach.  As it can be observed, using the preferred CQI encoding scheme provide gains in the order of 1 to 2 dB can over the independent CQI encoding approach.

[bookmark: _Ref264440866]Table 1: Preferred CQI encoding scheme(s)

	Scenario
	Preferred CQI encoding scheme(s)
Link efficiency
	Preferred CQI encoding scheme(s) with additional restriction of balanced slot power
	Change (in dB) of HS-DPCCH required transmission power with respect to independent encoding (Alt 1) over 2 CQI TTIs

	(4,4)
	-
	-
	 0

	(4,3)
	-
	-
	 0

	(4,2)
	Alt 2
	Alt 2
	-1

	(4,1)
	Alt 2 / Alt 3 /Alt 4
	Alt 2
	-1

	(4,0)
	Alt 3
	Alt 3
	-2

	(3,3)
	-
	-
	 0

	(3,2)
	Alt 1 / Alt 2
	Alt 1
	 0

	(3,1)
	Alt 2
	Alt 2
	-1

	(3,0)
	Alt 2
	Alt 2
	-1




The highlighted entries in Table 1 are the ones leading to a gain w.r.t. independent encoding.  These entries correspond to scenarios/alternative combinations where two non-MIMO carriers are jointly coded and repeated.  

Based on this analysis, we see a small technical advantage in: 

Proposal: CQIs for pairs of non-MIMO cells are jointly coded and repeated.

However, if the implementation of this solution proves difficult, then it is probably not prudent to force a difficult standards implementation to achieve this small technical advantage.    

Conclusion
This paper discusses various considerations on the CQI encoder design for 3/4-carrier HSDPA, we see a small technical advantage in implementing the proposed solution for CQI coding for pairs of non-MIMO cells, however if this solution proves difficult to implement, we see no issue with implementing a more specification friendly solution.   
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Appendix
In this contribution, (x,y) denotes the configuration where there are y MIMO carriers out of x activated carriers. Cn denotes the nth carrier. (20,10/7) denotes MIMO CQI encoder, (20,5) single carrier (SC) non-MIMO CQI encoder, and (20,10) dual carrier (DC) non-MIMO joint CQI encoder.
4 carriers activated

(4,4): all MIMO carriers



(4,3): C2 non-MIMO carrier





(4,2): C3, C4, non-MIMO carriers







(4,1): C2, C3, C4, non-MIMO carriers











(4,0): no MIMO carriers












3 carriers activated

(3,3): all MIMO carriers



(3,2): C2 non-MIMO carrier







(3,1): C2, C3, non-MIMO








(3,0): no MIMO carriers
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