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1. Introduction

From previous several contributions [1]-[5], the BLER performances were evaluated for various transmit diversity schemes on Rel-8 PUCCH format 2 with frequency hopping. Among several candidates such as SORTD, SFBC, STBC, and PVS, several contributions showed that SORTD, which was already adopted for PUCCH format 1/1a/1b, showed the best performance with frequency hopping in various scenarios.
In Rel-8, the frequency hopping in slot-level for PUCCH is always activated in order to obtain frequency diversity gain. On the other hands, no frequency hopping for PUCCH format2/2a/2b transmission, at least with TxD, had been proposed in [2][5].
In this contribution, we discuss and evaluate 1) the validity of frequency hopping and 2) the BLER performance for transmit diversity schemes. The discussions in the contribution will be made only with focusing on Rel-8 PUCCH format 2/2a/2b since the further extended formats may be considered for Rel-10 in order to increase payload size [2][6]-[9].
2. Frequency Hopping for PUCCH format 2/2a/2b
(1) Performance aspect
The frequency hopping has a benefit of frequency diversity gain particularly in low coding rate and in frequency selective channel. On the other hands, without frequency hopping, the enhanced performance of channel estimation may be expected by averaging the RSs across slots under low speed scenarios.
Figure 1 shows CQI BLER performances with and without frequency hopping. In case that frequency hopping is not activated, two different implementations for channel estimation were evaluated; (1) The RSs in both slots within a subframe were independently used for channel estimation. (2) The RSs in both slots within a subframe were averaged for channel estimation. Assuming Doppler estimation at eNB was available, eNB may adapt the algorithms for channel estimation accordingly. However, it will make the implementation complicated. Further simulation parameters can be found in Annex. We analyze the simulation results at 1% BLER requirement as depicted in [11]. From the simulation results, we found that;
· The frequency diversity gain due to frequency hopping is always beneficial both in low speed (3km/h) and in medium speed (120km/h) scenarios.
· The gain is noticeable with low coding rate (eg. A=4bit CQI).
· Without frequency hopping,
· In low speed scenario such as 3km/h, averaging RSs across slots (notated by “RSAccum”) helps to enhance BLER performance by means of enhanced channel estimation accuracy compared to independent channel estimation in slot level (notated by “NoRSAccum”).
· In medium speed scenario such as 120km/h, averaging RSs across slots (notated by “RSAccum”) rather deteriorates BLER performance due to time selectivity compared to independent channel estimation in slot level (notated by “NoRSAccum”).

· The above results implicate that complicated adaptive channel estimator at eNB according to UE mobility may be necessary.

· In comparison of frequency hopping to non-frequency hopping,

· At any case, current Rel-8 baseline transmission with frequency hopping is always superior to that without frequency hopping.

· It is anticipated that the BLER performances with frequency hopping and without frequency hopping (NoRSAccum) may be similar to each other in very high Doppler scenarios.

· Therefore, it turns out that this new feature to introduce non-frequency hopping results in a violation of the general requirements described in [12], stating that “System performance shall be enhanced for 0 to 10km/h and preferably enhanced but at least no worse than E-UTRA and E-UTRAN for higher speeds”.
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(a) ETU 3kmph                                                                 (b) ETU 120kmph
Figure 1 Averaged CQI BLER with single transmit antenna with/without frequency hopping
(2) Resource utilization aspect
Figure 2 shows mapping to physical resource blocks for PUCCH described in [13]. A PUCCH PRB for a certain resource in the second slot is automatically defined as N_RB^UL-1-n_PRB0 in a mirrored fashion, where n_PRB0 is PRB index in the first slot for the PUCCH resource. A new concept of reserving Rel-10 PUCCH region may be necessary in order not to be conflicted to Rel-8 rule. However, even in this case, two PUCCH resources per UE are practically consumed for non-frequency hopping (Rel-10 UEs) when Rel-10 PUCCH is assigned in Rel-8 PUCCH regions, which may result in PUCCH resource waste.
[image: image3.emf]
Figure 2 Mapping to physical resource blocks for PUCCH [13]
Proposal: Frequency hopping for PUCCH format 2/2a/2b with single transmit antenna should be always activated like Rel-8 due to the fact that;
· An adaptive channel estimator for non-frequency hopping may be necessary for performance optimization according to UE mobility, in which the overall performances will be dependent on the accuracy of Doppler estimation. Otherwise, the performance will not be guaranteed.
· Even with optimal adaptive channel estimator, the BLER performance for non-frequency hopping is deteriorated due to less frequency diversity gain compared to Rel-8 baseline with single transmit antenna.
· Even in low speed case, the enhancement of channel estimation by averaging across slots without frequency hopping cannot overcome frequency diversity gain with frequency hopping.

· The resource utilization for non-frequency hopping is inefficient particularly considering co-existence with Rel-8 UEs.
3. Transmit Diversity for PUCCH format 2/2a/2b
Among several candidates for 2Tx transmit diversity on Rel-8 PUCCH format 2/2a/2b, SORTD at the expense of two orthogonal resources shows the best performances with frequency hopping [1]-[5].
With frequency hopping, STBC can be employed with single resource by means of applying Walsh cover ([+1 +1], [+1 -1]) on two RSs in a slot only for PUCCH format 2 in order to estimate the channels from each antenna. Two orthogonal resources are necessary for PUCCH format 2a/2b in order to utilize STBC since the modulated information on second RS in a slot is already used for simultaneous transmission of CQI and A/N. However, due to the odd number of data symbols in a slot, unpaired symbol occurs in each slot, which results in the performance degradation from spatial diversity loss in the unpaired symbols [2][3].
Without frequency hopping, unpaired symbol problem can be resolved since the number of data symbols becomes even number within a subframe. In addition to that, Walsh cover on two slots can facilitate to estimate the channels from each antenna with single resource.
In this chapter, we analyze and evaluate the feasibility of STBC in PUCCH format 2/2a/2b from the perspectives of BLER performance as well as resource utilizations.
 (1) Performance aspect
To study the feasibility of STBC, we evaluated some transmit diversity schemes only for PUCCH format 2. We evaluated the following cases for transmit diversity schemes in PUCCH format 2. It is noted that the evaluation results 
· Single transmit antenna with single resource per UE with frequency hopping (Rel-8 baseline)

· SORTD with two orthogonal resources per UE with frequency hopping
· STBC with single orthogonal resource per UE with frequency hopping

· In unpaired symbol, simple repetitions to antennas were applied.

· Walsh cover on two RS symbols within a slot was used to estimate channels from two transmit antennas.

· Unavailable for PUCCH format 2a/2b

· STBC with two orthogonal resources per UE with frequency hopping
· In unpaired symbol, simple repetitions to antennas were applied.
· Two orthogonal resources were used to estimate channels from two transmit antennas.

· STBC with single orthogonal resources per UE without frequency hopping

· Walsh cover on two RS symbols within a slot was used to estimate channels from two transmit antennas.

· Two different estimators were considered; (1) independent channel estimation in slot level (2) averaging RS symbols across slots

· STBC with two orthogonal resources per UE without frequency hopping
· Two orthogonal resources were used to estimate channels from two transmit antennas.
· Two different estimators were considered; (1) independent channel estimation in slot level (2) averaging RS symbols across slots

It is noted that the BLER performances for STBC are more sensitive to channel estimation error, in theory, than those for SORTD.

Figure 3 shows the averaged CQI BLER performances on frequency hopping for STBC with single resource in various Doppler scenarios. The channel estimations for each antenna were performed by using orthogonal covering on RS symbols within a slot. From the simulation results, we infer that;

· SORTD (two resources) with frequency hopping shows the best performances for all given scenarios.
· STBC (single resource) with frequency hopping is inferior to SORTD with frequency hopping due to
· Diversity loss in unpaired symbols
· Performance loss of channel estimation by Walsh spreading within a slot particularly in high Doppler cases
· Time variation for paired symbols particularly in high Doppler cases

· Even with optimal adaptive channel estimator depending on Doppler scenarios, STBC (single resource) with frequency hopping is inferior to Rel-8 baseline with single transmit antenna in some cases, which violates the general requirements in [12].
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(c) 250kmph                                                                          (d) 350kmph

Figure 3 Averaged CQI BLER with 2Tx (Hopping on and single resource (Walsh cover) for STBC)
Figure 4 shows the averaged CQI BLER performances on frequency hopping for STBC with two resources in various Doppler scenarios. The channel estimations for each antenna were performed by two separate orthogonal resources. From the simulation results, we infer that;

· SORTD (two resources) with frequency hopping shows the best performances for all given scenarios.

· STBC (two resources) with frequency hopping is inferior to SORTD with frequency hopping due to

· Diversity loss in unpaired symbols

· Time variation for paired symbols particularly in high Doppler cases
· With optimal adaptive channel estimator depending on Doppler scenarios, STBC is always superior to Rel-8 baseline with single transmit antenna.
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Figure 4 Averaged CQI BLER with 2Tx (Hopping on and two resources (per antenna) for STBC)
Figure 5 shows the averaged CQI BLER performances on frequency non-hopping for STBC with single resource in various Doppler scenarios. The channel estimations for each antenna were performed by using orthogonal covering on RS symbols within a slot. From the simulation results, we infer that;

· SORTD (two resources) with frequency hopping shows the best performances for all given scenarios.

· STBC (single resource) without frequency hopping is inferior to SORTD with frequency hopping due to

· Performance loss of frequency diversity gain
· Performance loss of channel estimation by Walsh spreading within a slot particularly in high Doppler cases

· Time variation for paired symbols particularly in high Doppler cases

· It is anticipated that the channel estimation loss will be more severe with PUCCH format 2a/2b since Walsh cover may be applied on RS symbols across slots within a subframe.

· Even with optimal adaptive channel estimator depending on Doppler scenarios, STBC (single resource) with frequency non-hopping is inferior to Rel-8 baseline with single transmit antenna in some cases, which violates the general requirements in [12].
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Figure 5 Averaged CQI BLER with 2Tx (Hopping off and single resource (Walsh cover) for STBC)
Figure 6 shows the averaged CQI BLER performances on frequency non-hopping for STBC with two resources in various Doppler scenarios. The channel estimations for each antenna were performed by two separate orthogonal resources. From the simulation results, we infer that;

· SORTD (two resources) with frequency hopping shows the best performances for all given scenarios.

· STBC (two resources) without frequency hopping is inferior to SORTD with frequency hopping due to

· Performance loss of frequency diversity gain

· Time variation for paired symbols particularly in high Doppler cases

· It is anticipated that the channel estimation loss will be more severe with PUCCH format 2a/2b since Walsh cover may be applied on RS symbols across slots within a subframe.

· With optimal adaptive channel estimator depending on Doppler scenarios, STBC is always superior to Rel-8 baseline with single transmit antenna.
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Figure 6 Averaged CQI BLER with 2Tx (Hopping off and two resources (per antenna) for STBC)
(2) Resource utilization aspect
In the same context of discussion in Chapter 2, a new definition for reserved Rel-10 PUCCH region may be necessary in order not to be conflicted to Rel-8 rule when disabling frequency hopping is introduced for STBC. However, even in this case, two PUCCH resources per UE are practically consumed for non-frequency hopping (Rel-10 UEs) when Rel-10 PUCCH is assigned in Rel-8 PUCCH regions, which may result in PUCCH resource waste. 

In addition to that, frequency hopping-off only in TxD mode may waste multiple resources when considering adaptation of single antenna port mode and transmit diversity mode. The different RRC configurations in different PRBs both for single transmit antenna port and for transmit diversity mode, which represents multiple resources, may be necessary.
Proposal: SORTD with frequency hopping rather than STBC is proposed for PUCCH format 2/2a/2b as a transmit diversity scheme due to the fact that;
· SORTD shows the best performances.
· SORTD can maintain Rel-8 backward compatibility in frequency hopping perspective (no need to define new Rel-10 PUCCH region).
· STBC with single resource both in frequency hopping and non-hopping is inferior to Rel-8 baseline (1Tx) in some scenarios.
· STBC with two resources both in frequency hopping and non-hopping is inferior to SORTD with two resources in all scenarios.

· The resource utilization for STBC without frequency hopping is inefficient particularly considering co-existence with Rel-8 UEs as well as single transmit antenna port mode.

4. Conclusion
For frequency hopping aspect with single transmit antenna in PUCCH format 2/2a/2b, we propose that;
Frequency hopping for PUCCH format 2/2a/2b with single transmit antenna should be always activated like Rel-8 due to the fact that;
· An adaptive channel estimator for non-frequency hopping may be necessary for performance optimization according to UE mobility, in which the overall performances will be dependent on the accuracy of Doppler estimation. Otherwise, the performance will not be guaranteed.

· Even with optimal adaptive channel estimator, the BLER performance for non-frequency hopping is deteriorated due to less frequency diversity gain compared to Rel-8 baseline with single transmit antenna.
· Even in low speed case, the enhancement of channel estimation by averaging across slots without frequency hopping cannot overcome frequency diversity gain with frequency hopping.

· The resource utilization for non-frequency hopping is inefficient particularly considering co-existence with Rel-8 UEs.

For transmit diversity aspect in PUCCH format 2/2a/2b, we propose that;

SORTD with frequency hopping rather than STBC is proposed for PUCCH format 2/2a/2b as a transmit diversity scheme due to the fact that;

· SORTD shows the best performances.

· SORTD can maintain Rel-8 backward compatibility in frequency hopping perspective (no need to define new Rel-10 PUCCH region).

· STBC with single resource both in frequency hopping and non-hopping is inferior to Rel-8 baseline (1Tx) in some scenarios.

· STBC with two resources both in frequency hopping and non-hopping is inferior to SORTD with two resources in all scenarios.

· The resource utilization for STBC without frequency hopping is inefficient particularly considering co-existence with Rel-8 UEs as well as single transmit antenna port mode.
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Annex. Simulation Environments
Table 1 Simulation parameters

	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	5MHz

	CP configuration
	Normal CP

	UE speed
	3,120,250,350kmph

	Channel model
	ETU

	Number of cells
	1

	Number of Tx antennas
	1, 2 (uncorrelated) 

	Number of Rx antennas
	2 (uncorrelated) 

	PUCCH format 
	Format 2

	CQI information bits (A) 
	A=4, 11 bits

	Channel coding and rate matching
	RM coding [10]

	Channel estimation
	Practical

	CS hopping
	ON

	Frequency hopping in slot-level
	ON,OFF

	Number of PRBs for PUCCH
	1

	Number of UEs within a cell
	3
(all UEs transmit the signal with same power) 
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