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1 Introduction
During RAN1#59bis held in Valencia, Spain in January 2010, two alternatives are identified on the usage of SORTD for format 1/1a/1b for further discussion:

· Alt1: SORTD is always ON if configured

· Alt2: SORTD when two or more CCEs, fallback to single antenna port (or transparent TXD) when one CCE

2 PUCCH TxD for format 1/1a/1b
When SORTD is configured to a UE, two PUCCH D-ACK resources are needed. 
A few methods are identified for assigning these two resources in RAN1#59bis [1]—[6]. Most of the companies share a same view on the first resource; the first resource is obtained by the Rel-8 mechanism of deriving D-ACK resource using the first CCE number used for a DL grant. For the second resource, companies’ views are not converged. In one method (Method 1), the second resource is derived from a CCE number used for a DL grant as well. In another method (Method 2), the second D-ACK resource is semi-statically determined by higher-layer signaling. 
In one way of implementing Method 1, the second resource is derived by a second CCE number of a DL grant. In this case, a clarification is needed in case when only 1 CCE is used for the DL grant. Some companies proposes to have SORTD always on regardless of the CCE numbers used for the DL grant (Alt 1), while some others proposes to have SORTD only when 2 or greater numbers of CCEs are used for the DL grant (Alt 2). We notice that in case of Method 2 or some other implementations of Method 1 that does not make use of additional CCE number, Alt 1 would be a natural solution, as the second resource is determined regardless of the number of CCEs used for DL grant. 
Now, we compare some drawbacks of Alt 1 and Alt 2 when Method 1 is utilized and when a second D-ACK resource is derived by a second CCE number of a DL grant. One obvious drawback of Alt 1 is a CCE usage restriction, as the second CCE cannot be used for other UEs’ DL grants. However, we also note that the second CCE can be used for other purposes than DL grants, e.g., UL grants. On the other hand, Alt 2 has some other drawbacks.  One drawback is that a PUCCH D-ACK reception performance can dynamically fluctuate, as the PUCCH TxD schemes used in case of 1 CCE and more than 1 CCEs have different performances. This dynamic performance fluctuation may result in some impacts on DTX threshold tracking performance. Another drawback is that an eNodeB may face error cases when a UE erroneously detect a CCE aggregation level of the PDCCH. The error cases that have impact on SORTD resource selection would be to falsely detect 2 CCE aggregation levels even if one CCE is used for carrying a DL grant (1-to-2 error); or to falsely detect 1 CCE aggregation level even if 2 CCEs are aggregated (2-to-1 error). We note that error cases confusing between other aggregation levels have already treated in Rel-8 [7]. As shown in the Appendix, the probabilities of 1-to-2 errors and the 2-to-1 errors are non-negligible, Alt 2 allowing switching between two schemes depending on the detected CCE aggregation level does not seem to be a reliable scheme. 
As drawbacks in Alt 2 have more impact on the system design and implementation than Alt 1, we have a preference on Alt 1.
3 Resources for PUCCH TxD

Comparing Method 1 (dynamic allocation of a second resource derived from CCE numbers in a DL grant) and Method 2 (semi-static allocation of a second resource) we have a preference on Method 1, as Method 2 incurs more semi-static overhead than Method 1. 

Method 1 can be implemented in multiple ways, where 
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 is the smallest CCE number in an aggregated CCEs used for DL grant:

· Method 1-1: The two resources are always derived 
[image: image2.wmf]CCE

n

 and 
[image: image3.wmf]1

CCE

+

n

.
· Method 1-2: Both the first and the second resources are derived only by 
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. The first resource is derived from  
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, utilizing Rel-8 CCE to PUCCH resource mapping. The pair of an OCC and a CS corresponding to the second resource is a closest one to the pair of an OCC and a CS corresponding to the first resource in either in the OCC or in the CS dimension. 
· Method 1-3: The two resources are derived by 
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 and another CCE number that shares the same parent node as 
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 in the PDCCH search tree, as illustrated in Figure 1.
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Figure 1 Illustration of Method 3-1

We see that Method 1-2 may have impact on the PUCCH detection performance as it may reduce the separation distance between two PUCCH resources. Method 1-1 and Method 1-3 are in a sense similar, but there are subtle differences. When one CCE is aggregated to send a DL grant, the one CCE can be either located on the left leaf node or on the right leaf node. When the one CCE is located on the left leaf node, Method 1-1 and Method 1-3 would be identical, i.e., it would use 
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 for PUCCH TxD. On the other hand, when the one CCE is located on the right leaf node, Method 1-3 would use 
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. We see some benefits of Method 1-3 over Method 1-1. One of the benefits is,
· When the one CCE is located on the right leaf node, Method 1-3 uses two CCE numbers from one aggregation of 2 CCEs, while Method 1-1 uses two CCE numbers from two aggregations of 2 CCEs, one CCE number from each aggregation. When Method 1-1 is used, two 2-CCE aggregations cannot be used for DL grants for other UEs while when Method 1-3 is used, only one 2-CCE aggregation is affected. 
Based on these observations, we have a preference on Method 1-3 for PUCCH resource mapping: The two resources are derived by 
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 and another CCE number that shares the same parent node as 
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 in the PDCCH search tree.
4 Conclusion
Based on the observations made in this contribution, we have a preference on Alt 1: SORTD is always ON if configured.
Appendix
A link-level simulation is conducted for the confusion probability of 1-to-2 errors and probability of 2-to-1 errors. Relevant simulation parameters are shown in Table 1. The simulation results are shown in Figure 2 and Figure 3 respectively for 1-to-2 errors and 2-to-1 errors. As shown in the figures, when the system BW is 5 MHz, the probability of 1-to-2 errors are greater than 0.1 when the SINR is as small as 4 dB; and the probability of 2-to-1 errors are greater than 0.1 when the SINR is as small as 0 dB. Similar error probabilities are noticed for higher BWs as well with probability of errors slightly smaller than that of the system of BW 5 MHz at each given SINR. 
This result can be explained as in the following. As SINR increases, channel can support higher code rates. Hence the probability of decoding successfully using 1 CCE only when two CCEs are transmitted (i.e., 2-to-1 errors) would increase. On the other hand, when SINR is sufficiently high, TBCC decoder can still correctly decode a transmitted message from symbols received in two CCEs even if a latter CCE carries only AWGN (i.e., 1-to-2 errors). 
Table 1 Link-Level Simulation Parameters
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	Channel model
	TU6

	Mobility
	3km/h

	Number of Tx/Rx antennas
	1Tx, 1Rx

	CP
	Normal CP

	Bandwidth
	5MHz, 10MHz, 20MHz

	DCI format
	Format 1

	Channel coding
	TBCC

	Rate matching
	Circular buffer based

	Modulation
	QPSK

	Channel estimation
	Perfect
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Figure 2 Probability of 1-to-2 errors
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Figure 3 Probability of 2-to-1 errors
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