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1
Introduction

A new work-item was approved in RAN#48[1]. The objective of the work-item is as follows:

Specify performance requirements (RAN4 specifications) corresponding to the following workarounds:

a. Introduction of a MIMO cell antenna 2 S-CPICH power offset
· Define the requirements for MIMO UEs operating in MIMO mode when P-CPICH and S-CPICH are configured with different power offsets
b. Downlink control channels in STTD mode
· Define the requirements for MIMO UEs operating in MIMO mode
In this contribution, we discuss the potential modifications to the UE demodulation performance and CQI requirements due to the MIMO workarounds. 
2
Modification to Downlink Physical Channel Setup
As specified in 25.101 [2], Table C.9 (cut and paste below in Table 1) indicates the downlink channel setup for testing of MIMO performance when P-CPICH is used as a phase reference on both transmit antennas.
Table 1: Downlink physical channels for HSDPA/DC-HSDPA receiver testing for Open Loop Transmit Diversity and MIMO performance (25.101, Table C.9)
	Physical Channel
	Parameter
	Value
	Note

	P-CPICH (antenna 1)
	P-CPICH_Ec1/Ior
	-13dB
	1. Total P-CPICH_Ec/Ior = -10dB

	P-CPICH (antenna 2)
	P-CPICH_Ec2/Ior
	-13dB
	

	P-CCPCH (antenna 1)
	P-CCPCH_Ec1/Ior
	-15dB
	1. STTD applied.

2. Total P-CCPCH Ec/Ior is -12dB.

	P-CCPCH (antenna 2)
	P-CCPCH_Ec2/Ior
	-15dB
	

	SCH (antenna ½)
	SCH_Ec/Ior
	-12dB
	1. TSTD applied.

2. Power divided equally between primary and secondary SCH.

	PICH (antenna 1)
	PICH_Ec1/Ior
	-18dB
	1. STTD applied.

2. Total PICH Ec/Ior is -15dB.

	PICH (antenna 2)
	PICH_Ec2/Ior
	-18dB
	

	DPCH
	DPCH_Ec/Ior
	Test-specific
	1. STTD applied.

	HS-SCCH-1
	HS-SCCH_Ec/Ior
	Test-specific
	1. STTD applied.
2. Specifies fraction of Node-B radiated power transmitted when TTI is active (i.e. due to minimum inter-TTI interval).

	HS-SCCH-2
	HS-SCCH_Ec/Ior
	DTX’d
	1. UE assumes STTD applied.

2. No signalling scheduled, or power radiated, on this HS-SCCH, but signalled to the UE as present.

	HS-SCCH-3
	HS-SCCH_Ec/Ior
	DTX’d
	1. As HS-SCCH-2.

	HS-SCCH-4
	HS-SCCH_Ec/Ior
	DTX’d
	2. As HS-SCCH-2.

	HS-PDSCH
	HS-PDSCH_Ec/Ior
	Test-specific
	1. STTD applied for open loop transmit diversity tests, precoding used for MIMO tests

	OCNS
	
	Necessary power so that total transmit power spectral density of Node B (Ior) adds to one
(Note 1)
	1. Balance of power 
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 of the Node-B is assigned to OCNS.

2. Power divided equally between antennas.

3. OCNS interference consists of a number of dedicated data channels as specified in table C.13 and C.13A.Table C.13 specifies the OCNS setup for H-Set 1 to H-set 6. Table C.13A specifies the OCNS setup for H-Set 9 and H-Set 11.


NOTE 1
For the case of DPCH with transmit diversity, the OCNS power calculation shall be based on the addition of the power from Antenna 1 and Antenna 2, i.e. disregarding any phase relationship between the antennas.
As seen in Table C.9, the SCH is transmitted in TSTD mode while the following channels are transmitted in STTD mode:

· HS-SCCH

· DPCH

· P-CCPCH

· PICH

In [3], [4], as part of the discussion on the MIMO Workarounds, RAN1/2 CRs were introduced to clarify that STTD mode may still be applied on associated physical channels when P-CPICH and S-CPICH are used as phase references. However support for this mode is optional in the UE and is signaled to the network via RRC signaling. A natural question then arises as follows:

Q: Do we define separate downlink physical channels setups for HSDPA/DC-HSDPA testing for testing MIMO performance when P-CPICH and S-CPICH are used as phase references, depending on whether UE supports Tx diversity on HS-SCCH and DPCH?
For HS-DSCH demodulation performance and CQI reporting requirements, the test is designed such that HS-SCCH/DPCH performance does not affect HS-DSCH demodulation performance or CQI reporting. Furthermore, our understanding is that most of the networks that deploy the MIMO workarounds will initially disable STTD on the associated physical channels and so our preference is to introduce HS-DSCH demodulation and CQI reporting requirements for the case when STTD is disabled on HS-SCCH and DPCH.
For HS-SCCH detection performance requirements, given that when P-CPICH/S-CPICH is used as a phase reference, STTD is optional on HS-SCCH, we need to introduce 2 new setups – one corresponding to STTD enabled on HS-SCCH/DPCH and the other corresponding to STTD disabled on HS-SCCH/DPCH. 
Proposal 1: Introduce MIMO HS-DSCH demodulation performance and CQI reporting requirements when P-CPICH/S-CPICH is configured as a phase reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH) as per the downlink physical channel setup in Table 2.
Proposal 2: Introduce HS-SCCH Type 3 performance requirements for UEs that support MIMO when P-CPICH and S-CPICH are configured as a phase reference for a) UE supports transmit diversity on HS-SCCH and DPCH and b) UE does not support transmit diversity on HS-SCCH and DPCH as per the downlink physical channel setup in Table 3. Note that for case a), on P-CCPCH, PICH and SCH, transmit diversity should be disabled.
Furthermore, a new test parameter representing the power offset between P-CPICH and S-CPICH would need to be introduced for the HS-DSCH, HS-SCCH and CQI tests. This offset for the HS-DSCH, HS-SCCH and CQI requirements should be common for all the tests.
Given that the common precoder is also an important part of MIMO workarounds, it is also reasonable to model the use of a common precoder in the test setup. Since the common precoder matrix might be different from implementation to implementation, the already presented common precoder in 3GPP could be used in the test setup.
Proposal 3: Introduce a common precoder in the test setup for all the MIMO testing.
Table 2: New downlink physical channels for MIMO HSDPA/DC-HSDPA HS-DSCH demodulation and CQI reporting testing
	Physical Channel
	Parameter
	Value
	Note

	P-CPICH (antenna 1)
	P-CPICH_Ec/Ior
	-10dB
	

	S-CPICH (antenna 2)
	S-CPICH Ec/Ior
	-13dB

	

	P-CCPCH
	P-CCPCH_Ec/Ior
	-12dB
	

	SCH
	SCH_Ec/Ior
	-12dB
	

	PICH
	PICH_Ec/Ior
	-15dB
	

	DPCH
	DPCH_Ec/Ior
	Test-specific
	

	HS-SCCH-1
	HS-SCCH_Ec/Ior
	Test-specific
	Specifies fraction of Node-B radiated power transmitted when TTI is active (i.e. due to minimum inter-TTI interval).

	HS-SCCH-2
	HS-SCCH_Ec/Ior
	DTX’d
	No signalling scheduled, or power radiated, on this HS-SCCH, but signalled to the UE as present.

	HS-SCCH-3
	HS-SCCH_Ec/Ior
	DTX’d
	As HS-SCCH-2.

	HS-SCCH-4
	HS-SCCH_Ec/Ior
	DTX’d
	As HS-SCCH-2.

	HS-PDSCH
	HS-PDSCH_Ec/Ior
	Test-specific
	Precoding used.

	OCNS
	
	Necessary power so that total transmit power spectral density of Node B (Ior) adds to one
	1. Balance of power 
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 of the Node-B is assigned to OCNS.

2. OCNS interference consists of a number of dedicated data channels as specified in table C.13 and C.13A.Table C.13 specifies the OCNS setup for H-Set 1 to H-set 6. Table C.13A specifies the OCNS setup for H-Set 9 and H-Set 11.


NOTE 1
Transmit diversity (STTD or TSTD) is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH).
Table 3: New downlink physical channels for MIMO HSDPA/DC-HSDPA HS-SCCH performance testing
	Physical Channel
	Parameter
	Value
	Note

	P-CPICH (antenna 1)
	P-CPICH_Ec/Ior
	-10dB
	

	S-CPICH (antenna 2)
	S-CPICH Ec/Ior
	-13dB

	

	P-CCPCH
	P-CCPCH_Ec/Ior
	-12dB
	

	SCH
	SCH_Ec/Ior
	-12dB
	

	PICH
	PICH_Ec/Ior
	-15dB
	

	DPCH
	DPCH_Ec/Ior
	Test-specific
	STTD applicability is test-specific.

	HS-SCCH-1
	HS-SCCH_Ec/Ior
	Test-specific
	1. STTD applicability is test specific.
2. Specifies fraction of Node-B radiated power transmitted when TTI is active (i.e. due to minimum inter-TTI interval).

	HS-SCCH-2
	HS-SCCH_Ec/Ior
	DTX’d
	No signalling scheduled, or power radiated, on this HS-SCCH, but signalled to the UE as present.

	HS-SCCH-3
	HS-SCCH_Ec/Ior
	DTX’d
	As HS-SCCH-2.

	HS-SCCH-4
	HS-SCCH_Ec/Ior
	DTX’d
	As HS-SCCH-2.

	HS-PDSCH
	HS-PDSCH_Ec/Ior
	Test-specific
	Precoding used.

	OCNS
	
	Necessary power so that total transmit power spectral density of Node B (Ior) adds to one
	1. Balance of power 
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 of the Node-B is assigned to OCNS.

2. OCNS interference consists of a number of dedicated data channels as specified in table C.13 and C.13A.Table C.13 specifies the OCNS setup for H-Set 1 to H-set 6. Table C.13A specifies the OCNS setup for H-Set 9 and H-Set 11.


NOTE 1
Transmit diversity (STTD or TSTD) is disabled on P-CCPCH, PICH and SCH.
3
Impact on HS-DSCH Demodulation Performance Requirements due to MIMO Workarounds

3.1
Modification to HS-DSCH Demodulation Performance Requirements for MIMO
Even though the WID does not explicitly mention the applicability of the new tests to DC-HSDPA, based on our experience with introducing DC-HSDPA requirements, it should be rather straightforward to introduce the DC-HSDPA requirements by applying a scaling factor to the throughput requirements for SC-HSDPA when MIMO is configured. 

Proposal 4: Introduce DC-HSDPA MIMO (with and without single stream restriction) demodulation performance requirements when P-CPICH/S-CPICH is configured as a phase reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH)

In the existing 25.101 specification, 4 test cases are defined with H-Set 9 and 1 test case with H-Set 11 for the single carrier case when MIMO is configured assuming that P-CPICH is a phase reference. For the dual carrier case, 4 test cases are defined with H-Set 9A and 1 test case with H-Set 11A accordingly. 
The same test parameters including channel propagation conditions and geometries can be used to arrive at a set of HS-DSCH demodulation requirements when P-CPICH and S-CPICH are used as a phase reference. However, a new test parameter representing the power offset between P-CPICH and S-CPICH would need to be introduced. A preliminary study as performed in [7] to study the sensitivity to this power offset indicated that the performance degradation (Table 4) is negligible for both the PA3 and PB3 channel types.
Table 4: MIMO UE throughput impact due to an asymmetric power setting of P-CPICH/S-CPICH, G=18dB, [ 7]

	S-CPICH Ec/Ior
	Loss w.r.t. S-CPICH Ec/Ior = -10dB

	
	PA3
	PB3

	- 13 dB
	1%
	0%

	- 16 dB
	6%
	4%


The above results suggest that we could potentially retain the same set of requirements as defined in 25.101, while allowing the S-CPICH power to be lower than the P-CPICH power by a reasonable amount (eg. 3-4dB). If it is required to allow for even lower S-CPICH levels (beyond 3-4dB) so as to ensure minimal impact on legacy UEs, then we may need to introduce a new set of requirements accordingly.
Proposal 5: Introduce MIMO HS-DSCH demodulation performance requirements similar to Section 9.2.4 in 25.101 for UEs that support MIMO when P-CPICH and S-CPICH are configured as a phase reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH).

Proposal 6: A power offset of 3dB (P-CPICH/S-CPICH) is proposed for the new MIMO requirements (HS-DSCH, HS-SCCH and CQI) when P-CPICH/S-CPICH is used as a phase reference.
3.2
Modification to HS-DSCH Demodulation Performance Requirements for TxAA Non-MIMO

In Rel-9, with the introduction of the TxAA Non-MIMO feature, Section 9.2.4A was introduced in 25.101 [2] to specify the minimum performance of UEs that support MIMO only with single-stream restriction. 4 test cases are defined with the type 2 receiver and 4 test cases with the type 3 receiver for the single carrier case. The same number of test cases are defined with each receiver type for the dual carrier case. Based on the discussion in the previous sections, it is logical to introduce a simular set of requirements as specified in Section 9.2.4A for the case when P-CPICH and S-CPICH are used as a phase reference.

Proposal 7: Introduce HS-DSCH demodulation performance requirements similar to Section 9.2.4A in 25.101 for UEs that support MIMO only with single stream restriction when P-CPICH and S-CPICH are configured as a phase reference for for reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH).
It should be noted that there will an impact to the requirements with a single stream MIMO due to the use of a common precoder.
4
Impact on HS-SCCH Detection Performance Requirements due to MIMO Workarounds

HS-SCCH Type 3 detection requirements are defined in Section 9.4.3 when MIMO is configured and in Section 9.4.4 when MIMO with single stream restriction is configured. As discussed in Section 3, a new test parameter representing the power offset between P-CPICH and S-CPICH would need to be introduced for the HS-SCCH tests. The parameter should be the same one as used for HS-DSCH demodulation tests. Further study is needed to investigate a new set of requirements relative to Section 9.4.3 and 9.4.4 when STTD is not enabled on HS-SCCH/DPCH.

Proposal 8: Introduce HS-SCCH Type 3 performance requirements similar to Section 9.4.3 in 25.101 for UEs that support MIMO when P-CPICH and S-CPICH are configured as a phase reference for a) UE supports transmit diversity on HS-SCCH and DPCH and b) UE does not support transmit diversity on HS-SCCH and DPCH. Note that for case a), on P-CCPCH, PICH and SCH, transmit diversity should be disabled.

Proposal 9: Introduce HS-SCCH Type 3 performance requirements similar to Section 9.4.4 in 25.101 for UEs that support MIMO with single stream restriction when P-CPICH and S-CPICH are configured as a phase reference for a) UE supports transmit diversity on HS-SCCH and DPCH and b) UE does not support transmit diversity on HS-SCCH and DPCH. Note that for case a), on P-CCPCH, PICH and SCH, transmit diversity should be disabled.

5
Impact on CQI Requirements due to MIMO Workarounds

The impact on CQI reports if the UE did not account for the signaled power offset between P-CPICH and S-CPICH is discussed extensively in [7],[8]. It is shown in [7],[8] that if the UE did not equalize the channel estimate based on S-CPICH de-spread symbols using the signaled power offset, the CQI reports would not be reflective of the SNR observed on the HS-DSCH channel. Furthermore, it was shown in [8] that if the UE did not adjust the signaled measurement power offset (MPO) by the signaled S-CPICH power offset, the CQI reports would also be inaccurate. Hence, it is important that a new set of CQI requirements as similar to Section 9.3.4 be introduced when P-CPICH and S-CPICH are configured with unequal power settings. For the same reasons as discussed for HS-DSCH demodulation requirements, we prefer to introduce CQI requirements based on the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH. Since the existing requirements are based on Table C.9, we would need to introduce a new channel setup corresponding to the case when STTD is disabled on HS-SCCH/DPCH when MIMO is configured with P-CPICH/S-CPICH used as a phase reference.

Proposal 10: Study further the CQI performance in the presence of a non-zero power offset (proposed value = 3dB) when P-CPICH/S-CPICH is used as a phase reference for for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH)
It should be noted that there will an impact to the requirements with a single stream MIMO due to the use of a common precoder.
6
Conclusions

In this contribution, we have identified modifications to 25.101 to support new UE HS-DSCH demodulation performance requirements, HS-SCCH Type 3 and CQI requirements when P-CPICH and S-CPICH are configured with unequal power settings and MIMO is configured with or without single stream restrictions. Based on the discussion in this document, we have the following proposals:

Proposal 1: Introduce MIMO HS-DSCH demodulation performance and CQI reporting requirements when P-CPICH/S-CPICH is configured as a phase reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH) as per the downlink physical channel setup in Table 2.
Proposal 2: Introduce HS-SCCH Type 3 performance requirements for UEs that support MIMO when P-CPICH and S-CPICH are configured as a phase reference for a) UE supports transmit diversity on HS-SCCH and DPCH and b) UE does not support transmit diversity on HS-SCCH and DPCH as per the downlink physical channel setup in Table 3. Note that for case a), on P-CCPCH, PICH and SCH, transmit diversity should be disabled.
Proposal 3: Introduce a common precoder in the test setup for all the MIMO testing.
Proposal 4: Introduce DC-HSDPA MIMO (with and without single stream restriction) demodulation performance requirements when P-CPICH/S-CPICH is configured as a phase reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH)

Proposal 5: Introduce MIMO HS-DSCH demodulation performance requirements similar to Section 9.2.4 in 25.101 for UEs that support MIMO when P-CPICH and S-CPICH are configured as a phase reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH).

Proposal 6: A power offset of 3dB (P-CPICH/S-CPICH) is proposed for the new MIMO requirements (HS-DSCH, HS-SCCH and CQI) when P-CPICH/S-CPICH is used as a phase reference.
Proposal 7: Introduce HS-DSCH demodulation performance requirements similar to Section 9.2.4A in 25.101 for UEs that support MIMO only with single stream restriction when P-CPICH and S-CPICH are configured as a phase reference for for reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH).

Proposal 8: Introduce HS-SCCH Type 3 performance requirements similar to Section 9.4.3 in 25.101 for UEs that support MIMO when P-CPICH and S-CPICH are configured as a phase reference for a) UE supports transmit diversity on HS-SCCH and DPCH and b) UE does not support transmit diversity on HS-SCCH and DPCH. Note that for case a), on P-CCPCH, PICH and SCH, transmit diversity should be disabled.

Proposal 9: Introduce HS-SCCH Type 3 performance requirements similar to Section 9.4.4 in 25.101 for UEs that support MIMO with single stream restriction when P-CPICH and S-CPICH are configured as a phase reference for a) UE supports transmit diversity on HS-SCCH and DPCH and b) UE does not support transmit diversity on HS-SCCH and DPCH. Note that for case a), on P-CCPCH, PICH and SCH, transmit diversity should be disabled.

Proposal 10: Study further the CQI performance in the presence of a non-zero power offset (proposed value = 3dB) when P-CPICH/S-CPICH is used as a phase reference for for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH)

7
References

[1] RP-100687,  “MIMO Testing in HSDPA”, Qualcomm Incorporated, 3, Huawei, eMobile, T-Mobile USA, China Unicom, Ericsson, ST-Ericsson
[2] 3GPP TS 25.101, “User Equipment (UE) radio transmission and reception (FDD)”

[3] R1-093669, “Clarification of the applicability of Tx Diversity”, Qualcomm Europe
[4] R2-097148
“Optional support of Tx diversity on DL control channels for MIMO capable UEs”, 
Qualcomm Europe
[5] 3GPP TS 25.211, “Physical channels and mapping of transport channels onto physical channels (FDD) “
[6] 3GPP TS 25.331, “Radio Resource Control (RRC); Protocol specification “
[7] R1-093576, “Performance of MIMO UEs due to asymmetric power allocation of P-CPICH/S-CPICH”, Qualcomm Europe

[8] R1-103847, “CQI reporting for MIMO UE's when the P-CPICH and S-CPICH have unequal power settings”, Qualcomm Incorporated
� S-CPICH power offset of -3 dB is proposed as per proposal 5 in subclause 3.1.


� S-CPICH power offset of -3 dB is proposed as per proposal 5 in subclause 3.1.





_1074516783.unknown

