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1. Introduction
At past #59bis meeting in Valencia, the following was concluded;

Conclusion on resource allocation for SORTD for case of no carrier aggregation:

· SR: higher layer configuration of the second resource in case SORTD configured

· For PDSCH with SPS: higher layer configuration of the second resource in case SORTD configured

· For PDSCH with dynamic scheduling: 

· First resource for the first antenna port is linked to the first CCE, including single CCE case (same as in Rel-8)

· Continue discussion on alternatives including the followings for the second resource 

· 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

· Discussion points identified so far

· Impact on scheduler if the number of CCEs is limited for Alt1

· Impact on eNB receiver implementation to detect the used transmission mode and UE complexity for confirming the CCE aggregation level in case of dynamic change of transmission mode for Alt 2

Note: Resource allocation for PUCCH format 1/1a/1b may be revisited along with carrier aggregation discussion

In this contribution, two alternatives above will be discussed. In particular, a fundamental problem for false alarm on CCE hypothesis tests with Alt2 in Rel-8 structure will be evaluated.
2. Discussions
Alt1 is defined as SORTD is always activated when a UE is configured for TxD mode [1][2][3][4]. The second resource for second antenna either is determined by an offset relatively to the first one or is provided by RRC signalling.
Alt2 represents that a UE dynamically switches the transmission between single and multi-antenna ports depending on CCE aggregation levels when a UE is configured for TxD mode [5][6]. When eNB transmits a PDCCH with two or more CCE aggregation levels, the first and second CCE indices are used for the PUCCH resources for the first and second antennas, respectively. On the other hands, when an eNB transmits a PDCCH with one CCE aggregation level, a UE dynamically changes the transmission mode into single antenna port mode using a single PUCCH resource corresponding to the lowest CCE index of PDCCH.

One impact that had been identified so far is that Alt1 may result in scheduling restriction by reserving the second CCE index with one CCE aggregation level. Also, a reservation for RRC signalling may be required for implementing Alt1 although it seems not to be serious.
On the other hands, with Alt2, UE complexity may be increased depending on its implementation. For example, in Rel-8, a UE may be allowed to stop blind decoding for finding downlink grant when an attempt of PDCCH decoding for a downlink grant is successfully decoded. Therefore, an additional blind decoding may be necessary to identify CCE aggregation level depending on the situation although an attempt is successfully decoded. Also, it will make power control mechanism complicated since the performances of HARQ-ACK are fluctuated in subframe by subframe due to dynamic switching between single and multi-antenna port modes. Above all things,  a fundamental confusion problem between one and more CCE aggregation levels to be detected is found, which may result in very complicated implementations both at eNB and UE side. 
For further explanation of the confusion problem, we refer the following two cases as seen in Figure 1. 
In the discussion on PDCCH design in Rel-8, Case A had a problem of “PUCCH resource confusion” in certain payload information bits with condition of <m = N* k/24> where N is the ambiguous payload size satisfying N ≤ 54 * (8- m), where m and k are both integers. The problem was due to the nature of circular buffer based rate matching. In this case, the both CCE aggregation levels of one and two can be successfully decoded, which may result in confusion of PUCCH resource between ‘8’ and ‘9’. Since it makes the implementation both for eNB and UE very complicated and it is practically unreliable, the zero-padded solution for ambiguous size of information bits had been agreed in Rel-8 to solve it [8]. 
Case B has no problem in terms of “PUCCH resource confusion” because the lowest CCE index actually transmitted can be successfully recognized at UE side regardless of whether CCE confusion occurs or not. However, the issue above may happen again with Case B in applying Alt2. In other words, Alt2 for SORTD resource has “CCE confusion” between one and two CCE aggregation levels because both CCE aggregation levels can be successfully decoded at UE side particularly in high geometry.
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(a) Case A: Starting CCE index for more than two-CCE aggregation level is not colliding with the CCE index of actual transmission with one-CCE aggregation level.
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(b) Case B: Starting CCE index for more than two-CCE aggregation level is colliding with the CCE index of actual transmission with one-CCE aggregation level.
Figure 1 Example for CCE confusion (n_RNTI=5, CFI=2, BW=5MHz, PHICH duration=1)
In summary, when at least one CCE index of the blind decoding candidates for one-CCE aggregation level (L=1) are colliding with the starting points of blind decoding candidates for two or more CCE aggregation levels (L=2, 4, 8), the hypothesis tests to distinguish one and other CCE indices can be in confusion. It has something to do with false alarm rate in PDCCH reception unless a UE takes any action to handle it. It is noted that the CCE confusion with Alt2 can happen regardless of payload size of information bits.
It turns out that any proposals which require the discrimination of CCE aggregation level between one and others could result in significant false alarm problem based on our simulation results which will be shown in chapter 3. In our view, any alternatives to require very complicated eNB/UE implementation due to false alarm from CCE confusion should be avoided. Since any implementation based solution to solve the false alarm problem which is already confirmed in Rel-8 discussion is not feasible, a specification based solution should be necessary in order to distinguish the CCE aggregation levels. To apply any solution to require CCE aggregation level detection, a simple solution with minimal specification impact would be to restrict search space for an UE, which is configured by SORTD transmission, to have odd numbered CCE indices only in L (CCE aggregation level)=1. 
3. Simulation results
The basic simulation setup is listed in Table 1. ETU channel model with 3km/h mobility was assumed. The bandwidth configurations were varying by 5, 10, and 20MHz. DCI format 1 was assumed for evaluations. The range of n_RNTI was from 1 to 65535 and that of PCI was from 0 to 503. The numbers of PDCCH symbols (CFI) were 1, 2, and 3. N_g values to decide the number of PHICH groups were 1/6, 1/2, 1, and 2. PHICH duration of 1 was assumed.
Table 1 Simulation setup
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	Channel model
	ETU

	Mobility
	3km/h

	Number of Tx/Rx antennas
	1Tx, 2Rx

	Antenna correlation
	Uncorrelated

	CP
	Normal CP

	Bandwidth
	5MHz, 10MHz, 20MHz

	DCI format
	Format 1

	Channel coding
	TBCC

	Rate matching
	Circular buffer based

	Modulation
	QPSK

	Channel estimation
	Perfect

	Range of n_RNTI
	1~65535

	Range of PCI
	0~503

	CFI
	1,2,3
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	1/6, 1/2, 1, 2

	PHICH duration
	1


First, the confusion events are studied. All values of n_RNTI from 1 to 65535 are evaluated during one radio frame of 10ms. Here, it is said that a confusion event happens in a subframe if at least one CCE index of the blind decoding candidates for one-CCE aggregation level (L=1) are colliding with the starting points of blind decoding candidates for two or more CCE aggregation levels (L=2, 4, 8). As seen in the simulation results, the high probabilities of confusion events are depicted from 37% to 100% according to CFI values, bandwidths, and N_g values. It implies that there might be potential problems of CCE confusion, which eventually requires an additional handling at the cost of extremely high complexity at eNB and/or UE. Even with additional complexity, the reliability is still unclear. 
Table 2 Probability of confusion events
	
	CFI=1
	CFI=2
	CFI=3

	
	BW=5MHz
	BW=10MHz
	BW=20MHz
	BW=5MHz
	BW=10MHz
	BW=20MHz
	BW=5MHz
	BW=10MHz
	BW=20MHz

	Ng=1/6
	N/A
	1.00
	0.95
	1.00
	0.91
	0.58
	0.94
	0.65
	0.37

	Ng=1/2
	N/A
	1.00
	0.97
	1.00
	0.91
	0.59
	0.94
	0.70
	0.39

	Ng=1
	N/A
	1.00
	0.99
	1.00
	0.88
	0.62
	0.95
	0.67
	0.37

	Ng=2
	N/A
	N/A
	1.00
	1.00
	0.92
	0.63
	0.97
	0.69
	0.41


Second, the false alarm probability is studied with a simple treatment at UE receiver. We set 
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 which is associated with the number of PHICH groups. The following two sets are evaluated;
· Set A: PDCCH for a UE is transmitted with one CCE aggregation level (ie. false alarm for L=1 to others).

· An UE decides the detected CCE aggregation level by higher one.
· Set B: PDCCH for a UE is transmitted with two CCE aggregation level (ie. false alarm for L=2 to L=1).

· An UE decides the detected CCE aggregation level by lower one.

 Figure 2 shows the false alarm probability due to CCE confusion when an eNB transmits PDCCH with L=1, ie. Set A. The UE simply chose higher CCE aggregation level among the successfully decoded ones. The false alarm rate in a given scenario shows 73~100%. Since the search spaces for different aggregation levels can be overlapped each other, the UE can confuse the CCE aggregation level to decide transmission mode between single and multi-antenna ports.
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Figure 2 FA for 1CCE->others (Set A), CFI=1, DCI format 1
 Figure 3 shows the false alarm probability due to CCE confusion when an eNB transmits PDCCH with L=2, ie. Set B. The UE simply chose lower CCE aggregation level among the successfully decoded ones. The false alarm rate in a given scenario shows 35~75%.
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Figure 3 FA for 2CCE->1CCE (Set B), CFI=1, DCI format 1

4. Conclusions
In this contribution, we discuss two alternatives of PUCCH resource allocation for SORTD. Alt1 is defined as SORTD is always activated when an UE is configured for TxD mode. Alt2 represents that an UE dynamically switches the transmission between single and multi-antenna ports depending on CCE aggregation levels when a UE is configured for TxD mode. Alt 2 has some issues in terms of UE complexity increase, complicated power control mechanism due to fluctuated performance in subframe by subframe, and false alarm problem due to search space overlap between CCE aggregation levels within an n_RNTI. 
Each alternative has its pros and cons. Above all thing, it turns out that any proposals which require the discrimination of CCE aggregation level between one and others could result in significant false alarm problem based on our simulation results. In our view, any alternatives to require very complicated eNB/UE implementation due to false alarm from CCE confusion should be avoided. Since any implementation based solution to solve the false alarm problem which is already confirmed in Rel-8 discussion is not feasible, a specification based solution should be necessary in order to distinguish the CCE aggregation levels. In that sense, as a detail for SORTD resource allocation in dynamic A/N transmission, we refine the alternatives to following two options;

· Option 1: A method which does not need to distinguish CCE aggregation level
· The first resource (
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· The second resource (
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· Option 2: A method which needs to distinguish CCE aggregation level
· The first resource (
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) for the first antenna is decided based on the lowest CCE index (
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· The detail or the second resource (
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) for the second antenna is FFS with a specification based solution.
· The UE monitoring search spaces for a SORTD configured UE are limited into odd numbered CCE indices in case of L=1.
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