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Discussion/Decision
1. Introduction

In legacy Rel-6 HSUPA design, E-HICH is used to convey HARQ feedbacks for HSUPA UE. One HARQ acknowledgement indicator is transmitted using 3 consecutive slots on E-HICH and each slot consists of 40 transmitted ternary values. There are 40 orthogonal signature sequences obeying specific signature hopping patterns defined and each UE will be allocated by one signature sequence, so that multiple HSUPA UEs can be served in the same feedback TTI[1]

 REF _Ref324410060 \r \h 
 \* MERGEFORMAT [2].
In uplink MIMO, 1 or 2 streams/TBs can be scheduled and sent in one TTI considering channel conditions and available power headroom on UE. Therefore, Node B may need to acknowledge 2 HARQ indicators for 2 TBs at the same time. It requires some modifications on E-HICH to support this. In this contribution, we analyze this problem and give some possible design for this topic.
2. Discussion

2.1 HARQ Feedbacks in UL MIMO
The possible HARQ indicators which should be fed back for different scenarios are summarized in Table 1. Scenarios in Table 1 consider the detection result for rank on Node B, and based on different rank detection result, there are different combinations of HARQ indicators fed back by Node B.
Independently of the detected rank by Node B, UE will always detect or decode the information conveyed on E-HICH under the assumption of the actually transmission rank. For example, if UE uses rank 1 uplink transmission, it will decode/determine the HARQ indicators on E-HICH only for primary stream.
Table 1 Summary of HARQ feedbacks in different scenarios
	Scenarios
	Uplink transmission rank on UE
	Detection result for rank on Node B
	Possible HARQ feedbacks by Node B

(A:ACK, N:NACK, D:DTX)

	Scenario 1
	1
	No transmission
	DTX

	Scenario 2
	
	Detected as rank 1 transmission
	AD/ND

	Scenario 3
	
	Detected as rank 2 transmission
	AN/NN

	Scenario 4
	2
	No transmission
	DTX

	Scenario 5
	
	Detected as rank 1 transmission
	AD/ND

	Scenario 6
	
	Detected as rank 2 transmission
	AA/AN/NA/NN


2.2 Scheme A for E-HICH in UL MIMO
One possible design to support HARQ feedback in UL MIMO is allocating 2 signature sequences (corresponding to 2 signature hopping patterns) for each UL MIMO UE. One signature sequence is used to identify HARQ indicator for primary stream and the other is for secondary HARQ indicator. It is really a straight forward way to implement HARQ indications based on legacy HARQ feedback design.
Using SS1 and SS2 to respectively represent the signature sequences conveying HARQ indicators for primary stream and secondary stream, the detailed ternary values transmitted on consecutive slots for SS1 and SS2 can be listed in Table 2. Table 2 gives the details for scheme A
Table 2 Scheme A for E-HICH design in UL MIMO (straight forward extension method)
	HARQ feedbacks
	Ternary values conveyed on SS1
	Ternary values conveyed on SS2

	
	Slot 1
	Slot 2
	Slot 3
	Slot 1
	Slot 2
	Slot 3

	DD
	0
	0
	0
	0
	0
	0

	AD
	+1
	+1
	+1
	0
	0
	0

	ND
	-1
	-1
	-1
	0
	0
	0

	AA
	+1
	+1
	+1
	+1
	+1
	+1

	AN
	+1
	+1
	+1
	-1
	-1
	-1

	NA
	-1
	-1
	-1
	+1
	+1
	+1

	NN
	-1
	-1
	-1
	-1
	-1
	-1


With respect to the receiving algorithm on UE, the actions are different when uplink rank1 and rank2 transmission is used:
· If corresponding uplink transmission is rank1, the UE will only detect the HARQ indication for primary stream without consideration of Node B’s rank detection result. From Table 2, we can see that it has the same detecting action as legacy HSUPA. Therefore, it should have the same performance for Scheme A and legacy HSUPA in this case.
· If corresponding uplink transmission is rank2, the UE will use detection method on SS1 and SS2 to get HARQ indications for primary and secondary stream. Two methods can be used:
· Separate detection: UE will get HARQ indication for each stream by using the same detection method as that in legacy HSUPA;
· Joint detection: UE determines the possible combination for HARQ indications by jointly detecting method on both SS1 and SS2. From Table 1, we can see that DD/AD/ND/AA/AN/NA/NN might be transmitted in this case, but UE will only match the received signals with DD/AA/AN/NA/NN patterns. Possible risks are that AD and ND might be detected as AA and NA, which is a completely misunderstanding. From Table 2, we can see that there is 50% possibility of detecting AD to AA if we set the threshold for DTX detection to zero.
2.3 Scheme B for E-HICH in UL MIMO
If it is decided to allocate 2 signature sequences for UL MIMO UE, actually 6 ternary values can be conveyed and fed back to the UE in one TTI. In general, 6 bits/ternary values are enough to introduce some encoding gains, therefore some other designs introducing encoding gains may be considered for further performance improvement on E-HICH design for UL MIMO.
Using SS1 and SS2 to respectively represent the signature sequences conveying HARQ indicators for primary stream and secondary stream, the detailed ternary values transmitted on consecutive slots for SS1 and SS2 can be listed in Table 3.
Table 3 Scheme B for E-HICH design in UL MIMO
	HARQ feedbacks
	Ternary values conveyed on SS1
	Ternary values conveyed on SS2

	
	Slot 1
	Slot 2
	Slot 3
	Slot 1
	Slot 2
	Slot 3

	DD
	0
	0
	0
	0
	0
	0

	AD
	+1
	+1
	+1
	0
	0
	0

	ND
	-1
	-1
	-1
	0
	0
	0

	AA
	+1
	+1
	-1
	-1
	+1
	+1

	AN
	+1
	+1
	+1
	+1
	-1
	-1

	NA
	-1
	-1
	+1
	+1
	+1
	+1

	NN
	-1
	-1
	-1
	-1
	-1
	-1


With respect to the receiving algorithm on UE, the actions are different when uplink rank1 and rank2 transmission is used:
· If corresponding uplink transmission is rank1, the UE will only detect the HARQ indication for primary stream without consideration of Node B’s rank detection result. From Table 1, we can see that only AN/NN/AD/ND/DD combinations will be fed back in this case. Further, from Table 3 we can see that the AN and AD have the value pattern ‘+1+1+1’ on SS1 which is the same as value pattern for ACK in legacy HSUPA. Similarly, NN and ND also have the same value pattern ‘-1-1-1’ on SS2 which is the same as that for NACK in legacy HSUPA. Therefore, it should have the same performance for scheme B and legacy HSUPA in this case.
· If corresponding uplink transmission is rank2, the UE will use detection method on SS1 and SS2 to get HARQ indications for primary and secondary stream. For this design, joint detection can be used. From Table 1, we can see that DD/AD/ND/AA/AN/NA/NN might be transmitted in this case, but UE will only match the received signals with DD/AA/AN/NA/NN patterns. Possible risks are that AD and ND might be detected as AA and NA, which are completely misunderstandings. From Table 3’s design, we can see that AN has much closer distance to AD compared to AA. NN and NA’s pattern have the same result. Therefore, in this scenario, misdetection of AD or ND is suppressed.
3. Performance evaluation
In Section 2, a straightforward extension to legacy E-HICH (scheme A) and a new scheme introducing (6, 2) encoding gain (scheme B) are described for E-HICH in UL MIMO. In this part, performance evaluation is given for the above two schemes.
3.1 Simulation Assumptions
The simulation assumptions are listed in Table 4. The channel model used is VA30 which is the same as that specified for legacy E-HICH performance requirements in Section 10 of TS 25.101[1]. The false ACK probability also fulfils 50% requirement which is similar with that specified in Section 10 of TS 25.101[1]. 50% false ACK probability actually means that the DTX detection threshold is set to zero. Further, if DTX detection threshold is set to zero, then joint detection and separate detection should have the same result. Therefore, in this simulation we just use joint detection for performance evaluation.
As analyzed in Section 2, if corresponding uplink transmission is rank1, the UE will only detect the HARQ indication for primary stream for both scheme A and scheme B. From Table 2 and Table 3, we can see that both scheme A and B have the value pattern ‘+1+1+1’ on SS1 for primary ACK indication. Similarly, NACK indication for primary stream have the same value pattern ‘-1-1-1’ on SS1. Therefore, it should have the same performance for scheme A and scheme B in this case.

Therefore, here we just give the simulation for the scenario of corresponding uplink transmission is rank2. Two scenarios in this case will be simulated:
· Scenario A: This scenario emulates a rank2 transmission is used by UE and Node B has a correct result on rank detection. This is the most normal cases in UL MIMO.

· Scenario B: This scenario illustrates that UE use rank2 transmission but Node B incorrectly detects the rank to rank1, so the Node B feeds back the HARQ indicators as AD or ND. In general, Node B has a high probability of correct rank detection. Therefore this scenario is not the most normal case.

Table 4 Simulation Assumption

	Parameter
	Value

	P-CPICH Ec/Ior
	-10dB

	E-HICH Ec/Ior
	-28.3dB for each signature

	OCNS
	Necessary power so that total transmit power spectral density of Node B (Ior) adds to one

	Propagation Channel Type
	AWGN,VA30

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic


3.2 Simulation results
Scenario A: UE uses rank2 transmission, and Node B has a correct rank detection
This scenario emulates a rank2 transmission is used by UE and Node B has a correct result on rank detection. This is the most normal cases in UL MIMO. Fig. 1 illustrates the missed ACK probabilities for scheme A and scheme B when Node B sends AA on E-HICH. From Fig. 1, we can see that under AWGN channel, scheme B has about 0.6 dB gains for 1% missed ACK probability and under VA30 this gain shrinks to about 0.3dB.

This gain mainly comes from the (6, 2) encoding. Using joint detection, UE will only match the received signals with DD/AA/AN/NA/NN patterns. From Table 2, we can see that for scheme A, DD/AA/NA/AN/NN has a minimum code distance of 3. Meanwhile, from Table 3 we can observe that DD/AA/NA/AN/NN in scheme B has a minimum code distance of 4, which is larger than that for scheme A. This is just the reason of the gain observed in Fig. 1. Actually, in this simulation because of zero DTX detection threshold setting, DD pattern will never be matched both for scheme A and scheme B.
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Fig. 1 Missed ACK probability in scenario A
Scenario B: UE uses rank2 transmission, but NodeB misdetects rank2 to rank1
This scenario illustrates that UE use rank2 transmission but Node B incorrectly detects the rank as rank1, so the Node B feeds back the HARQ indicators as AD or ND. In general, Node B has a high probability of correct rank detection, so this scenario is not the most normal case.

The simulation sets the DTX detection threshold to zero as for legacy E-HICH. Fig. 2 illustrates the error detection probabilities for scheme A and scheme B when Node B sends AD. Error detection probabilities are calculated as follows: Only the detection of AD to AN is counted as correct, while other detection results are counted as incorrect/error. That is because AD pattern is not included in the patterns of rank2 joint detection for both scheme A and B.
Fig. 2 gives the simulation results. The DTX detection threshold is set to be zero, which is a similar setting with that for legacy HSUPA in TS 25.101[1].This setting means that no DTX will be detected, and DTX can only be detected as ACK or NACK. Therefore, under this setting, separate detection and joint detection actually has the same detection result.
From Fig. 2, we can see that scheme B has much better performance than scheme A. In last paragraph, for scheme A, we have the conclusion that separate and joint detection has the same detection result under the setting of zero DTX detection thresholds. Therefore, we only use separate detection for analysis. Because of zero setting of DTX detection threshold, DTX on secondary stream can only be detected as ACK or NACK with the same probability of 50%. However, for scheme B, from Table 3 we can see that the pattern for AN has a much closer distance to AD compared to AA. This is the main reason for scheme B has much better performance than scheme A illustrated in Fig. 2.
[image: image2.emf]-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4

10

-2

10

-1

10

0

Ior/Ioc(dB)

Error Probability

 

 

Scheme A - AWGN

Scheme B - AWGN

Scheme A - VA30

Scheme B - VA30


Fig. 2  Error probability in scenario B
From above simulation results, we can see that in case of Node B detects rank 2 to rank 1 scheme B has much better performance than scheme A. However this is not a normal case in UL MIMO. For the most normal case, in which Node B has correct rank detection results, scheme B still has a 0.3 dB gain compared to scheme A.
4. Conclusion
In uplink MIMO, Node B may need to acknowledge 2 HARQ indicators for 2 TBs in one TTI. It requires some modifications/extensions on E-HICH to support this. One possible way is introducing 2 signature sequences to convey HARQ-ACK feedbacks. Under this design framework, we give two alternative designs to structure feedback information on 2 signature sequences. One alternative is a straightforward extension of the legacy E-HICH. The other alternative introduces (6,2) encoding into E-HICH. The latter one has about 0.3 dB gains under VA30 according to link simulation result. Therefore, from a performance perspective we recommend to consider some type of joint encoding on 2 signature sequences for supporting HARQ-ACK feedbacks in UL MIMO.
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