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Introduction
Agreement was reached on a number of areas of MIMO (FDD) for Rel-7 in the the TSG RAN WG1 #46 meeting in Tallinn; see the agreed working assumptions in ‎[1]. Further discussions took place in a conference call on September 27th. Some issues related to operation of MIMO have not been resolved at this point or need further clarification. The present document focuses on one of the open issues: L1 uplink control information in support of MIMO which could either be carried on HS-DPCCH alone or on a combination of HS-DPCCH and FBI bits of the DPCCH.
1 Discussion of using HS-DPCCH alone
We see advantages in decoupling the feedback for MIMO operation completely from the existing DPCH in the uplink:

· Independence from DPCH evolution:
In case the existing DPCH in the uplink will be modified or replaced by some other (potentially disruptive) technique, it would always be a problem to adjust it such that the use of FBI bits is still in line with MIMO mode.

· Overhead:
Sending FBI bits constantly for HS-PDSCH support in MIMO mode can be a significant overhead. If one compares the different slot formats in uplink with and without FBI bits, it can be seen that uplink efficiency is going down. The UE will have to transmit constantly with higher Tx power (both for keeping the channel estimate in the Node B in tact and getting the FBI bits through). This cost could be optimized if feedback in the uplink for support of MIMO is adapted to the minimum, as it would be possible with using HS-DPCCH only (can be run at duty-cycles < 100% and is FEC encoded).

· Joint transmission of PCI and supported MCS(s)
The HS-DPCCH could be defined in such a way that the CQI reports contain both, information on preferred precoding (PCI) and supported data rate(s) (CQIs). Therefore, the node B scheduler would always get both pieces of information together, which desirable since knowing the supported rates without knowledge of what were the assumed antenna weights (or vice versa) is not enough information to do efficient scheduling.
· Protection of the information on HS-DPCCH through coding (not present on the power controlled DPCCH)

In [2] we described a possible format that could carry PCI and CQI(s) for up to two streams on the HS-DPCCH. This proposed structure could be used as a starting point for discussion around the definition of a format that contains PCI and CQI information. In summary: A total of 10 bits were suggested to be carried on HS-DPCCH. Table 1 shows the details of how those 10 bits would be used. According to the agreed working assumption to indicate a preferred primary precoding vector in the uplink, 2 bits would be used to signal the preferred primary precoding vector indicator (PPPVI) which would be selecting the preferred precoding vector from a the set of four available precoding vectors. The remaining 8 bits would be used to indicate supported CQI values for single or dual stream transmission. Out of the 256 combinations that are possible with 8 bits, 32 would be reserved to indicate a single stream CQI for the precoding vector selected by the PPPVI. The remaining 224 combinations would be used to indicate a combination of 2 CQIs for dual stream transmission on the preferred primary precoding vector (indicated by PPPVI) and on the preferred secondary precoding vector.
Table 1. Possible format of HS-DPCCH payload

	index
	PPPVI
	CQI Values
	Used For

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	32 possible CQI values, 
single stream transmission,
PPPV #1

	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
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	32
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	

	33
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	224 possible CQI combin., 
dual stream transmission, PPPV #1 & orthogonal PV

	34
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
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	256
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	

	257
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	32 possible CQI values, 

single stream transmission,

PPPV #2

	258
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
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	288
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	

	289
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	224 possible CQI combin., 

dual stream transmission, PPPV #2 & orthogonal PV

	290
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
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	512
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	

	513
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	32 possible CQI values, 

single stream transmission,

PPPV #2

	514
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
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	544
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	

	545
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	224 possible CQI combin., 

dual stream transmission, PPPV #3 & orthogonal PV

	546
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
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	768
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	

	769
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	32 possible CQI values, 

single stream transmission,

PPPV #2

	770
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
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	800
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	

	801
	1
	1
	0
	0
	1
	0
	0
	0
	0
	0
	224 possible CQI combin., 

dual stream transmission, PPPV #4 & orthogonal PV

	802
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1
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	1024
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	

	
	Selects PPPV
 out of a set of 4
available vectors
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	Note: 
PV = Precoding Vector 
PPPV = Preferred Primary PV
PPPVI = PPPV indicator


It is proposed to use the described scheme of joint PCI and CQI mapping together with a (20,10) block code (to be consistent with Rel-6, a modified Reed-Muller code could be used) on the HS-DPCCH with BPSK modulation to accommodate precoding feedback and channel quality feedback for MIMO operation, see also [2]. 
2 Discussion of using HS-DPCCH and FBI bits on DPCCH

In order to find a way to signal L1 uplink control without only having to relay on HS-DPCCH, we were thinking about a combination of HS-DPCCH and FBI bits on the DPCCH.

In this solution, the network would be able to configure the mobile to use HS-DPCCH only or HS-DPCCH plus FBI bits. In addition to the HS-DPCCH, the PCI part of the uplink control information would be carried on the FBI bits of the DPCCH, e.g. using a (3,2) block code, while the format as described in the previous section could still be used on the HS-DPCCH. This would have the advantage that the network could configure the duty cycle of the more costly HS-DPCCH reporting in line with the current environment (e.g. only 25% for very low Doppler) and at the same use the FBI bits in between to update the PCI more frequently. The concept is described in Figure 1.
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Figure 1. Combination of HS-DPCCH and FBI bits o n DPCCH
This solution would have the advantage, that the overall overhead spent for L1 uplink control information in support of MIMO could be more flexibly configured and at the same time, the PCI information would be possible to be updated quite frequently.
3 Conclusions
Due to the advantages of operating MIMO independent of the uplink DPCCH, low/adjustable overhead, joint reporting of PCI and CQI as well as protection through coding, we would prefer to go with a solution only using HS-DPCCH for MIMO related L1 uplink control information.
On the other hand, we see a possibility to use a combination of HS-DPCCH and FBI bits on the DPCCH that would allow the network to configure more flexibly how much overhead is actually used for MIMO related L1 control information in the uplink (duty cycle on HS-DPCCH plus enabling/disabling FBI bits).

Therefore, we could see this second option as a possible compromise.
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