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1. Introduction

In RAN1#68bis meeting, the discussions were given with regard to secondary E-TFC selection design on UL MIMO [1-4]. In last meeting, UL MIMO comes to the following agreements about it:
SG interpretation

· Agreement: With rank1 SG is interpreted as in SIMO/CL-BFTD

· FFS: With rank2 SG for the primary stream is interpreted as in rank1 or if SG is reduced by 3 dB.
E-TFC selection
Agreement:
· Rank1, as in SIMO/CL-BFTD

· Rank2

· E-TFC selection for the primary stream operates as with rank 1

· FFS: if an offset to E-DPDCH gain factors is applied to stream 1 E-TFC selection to compensate for inter-stream interference. The actual transmitted power on stream 1 is not affected

· The compensation could be achieved with a single offset, or a rank dependent set of reference E-TFCs used for Bed calculation

· Secondary stream calculated as primary stream E-TFC

· FFS: if the maximum allowed effective grant used by the E-TFC selection algorithm for the secondary stream is signalled relative to the primary stream SG, or as an absolute value relative to DPCCH.

In this contribution, we discuss the signalling of an offset, labelled as SR, used for the E-TFC selection for the secondary stream [1].
2. Definition of SR 

In order to keep the BLER of the secondary stream at a certain level, a CQI-like table which contains the mappings between TBS and signal-to-noise ratio (SNR) is used. The TBS for the secondary stream should be decided by both the transmit power and channel quality.

A post-equalizer SINR, labelled as SR, can be used to calculate the effective maximum allowed grant as shown in the expression below. This effective grant is then used in the legacy E-TFC selection algorithm for the secondary stream [1]. No new mapping is introduced.
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3. Principles of downlink SR feedback design
This part gives high-level design principles for the downlink SR feedback channel as follow:
· Less impact. The SR feedback should be signalled with minimal impact to existing channels and current specifications and procedures. 
· Short delay and short update rate. The SR information should have short feedback delay and short update rate. It is generated from SINR and then fedback to UE. If feedback delay is not short enough or the update is not in time, the SR information would be invalid. The best update rate would be one TTI.
· Information. The feedback channel should carry enough information in one TTI to ensure an accurate calculation of the maximum power to be use for the E-TFC selection. One TTI period would ensure that the SR information is properly updated. The SR information is the receiver SINR between the primary stream and the secondary stream. 
· Efficient resource utilization. The downlink resources should be preserved as much as possible. The feedback channel could support a large number of UEs with a single code resource.
4. Discussion on the SR feedback channel design
We consider the following options for signalling SR:
a. SR is transmitted on (a channel with a structure like) F-TPICH.
b. SR is transmitted on (a channel with a structure like) E-RGCH/E-HICH.
c. SR is transmitted on (a channel with a structure like) E-AGCH.
In the following, we discuss these schemes on the basis of the UL MIMO agreements, considering both adding this information on the existing channel or defining a new channel. 

4.1 SR transmission based on F-TPICH
Here is the frame structure of F-TPICH in Figure 1. If the SR information is transmitted based on F-TPICH, there can be a code-multiplexed TPI and SR solution, or a time-multiplexed TPI and SR solution. 
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Figure 1: Frame structure for F-TPICH

A. Time-multiplexed TPI and SR
Time-multiplexed TPI and SR is shown in Figure 2. The TPI information and the SR information are mapped to consecutive symbols or symbols with a fixed relative timing, in the same F-TPICH slot. 
· Impact: It has less impact on the TPI information on the F-TPICH.
· Delay/Update rate: The minimum feedback delay is 3 slots or 4 slots. The shortest update rate is one 2ms TTI.
· Information: The maximum size of SR information is 3 bits in a TTI
· Resource utilization: If the SR information is 3 bits, the maximum number of UL MIMO UEs in a TTI will be 5 by using a SF256 code resource. 
The advantage of this design is that if the number of UL MIMO UEs is relatively small, the SR information would share the F-TPICH resource, rather than using a new channelisation code. The drawback is that the UEs are supported in a single channelisation code.
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Figure 2: the downlink SR feedback channel design when the SR information is 3bits
B. Code-multiplexed TPI and SR
Code-multiplex TPI and SR are shown in Figure 3. The TPI information and the SR information are distinguished by different code sequences.
· Impact: It has no impact on the TPI information on the F-TPICH.
· Delay/Update rate: The minimum feedback delay is 3 slots or 4 slots. The shortest update rate is one 2ms TTI.
· Information: The maximum size of SR information is 3 bits in a TTI
· Resource utilization: If the SR information is 3 bits, the maximum number of UL MIMO UE in a TTI will be10 by using a SF256 code resource. 
The advantage of this design is that the implementation is simplified. The drawback is that independently of the number of UL MIMO UEs, a new code resource is used.
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Figure 3: the downlink SR feedback channel design when the SR information is 3bits
4.2 SR transmission based on E-RGCH/E-HICH
Here is the frame structure of E-RGCH/E-HICH in Figure 4. If the SR information is transmitted based on E-RGCH/E-HICH, reuse and redesign are considered. 
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Figure 4: E-RGCH and E-HICH structure
A. Reuse E-RGCH/E-HICH
Reusing E-RGCH/E-HICH structure is shown in Figure 4. There are same information in 2ms TTI. The SR information is mapped to the several signatures in a TTI. The signature number is according to the size of the SR information. At the same time, the UE is configured by multiple signatures. 
· Impact: It has no impact on the E-RGCH.
· Delay/Update rate: The minimum feedback delay is 4 slots or 5 slots. The shortest update rate is one 2ms TTI.
· Information: Theoretically, the maximum size of SR information is 40 bits in a TTI. However, it consumes too many resources and is not necessary.
· Resource utilization: Assumed that the SR information is 3 bits, the maximum number of UL MIMO UE in a TTI is 6 by using a SF256 code resource.
The advantage of this design is that it does not introduce any additional channel for the SR information. The drawback is that it occupies a lot of signature resources.
B. Redesign like E-RGCH , S-E-RGCH
Redesigning E-RGCH/E-HICH structure is shown in Figure 5. Table 1 lists an example of SR mapping with coding sequences when the SR information is 3bits.The slot transmission format can be designed as same as E-RGCH/E-HICH. However, one slot, rather than one TTI, is a statistical unit on this channel. The feedback channel distinguishes the user through signatures and is able to support up to 40 UEs per channelization code. The SR information is mapped to one signature in one TTI. 

· Impact: It has no impact on the E-RGCH.
· Delay/Update rate: The minimum feedback delay is 4 slots or 5 slots. The shortest update rate is one 2ms TTI.
· Information: The maximum size of SR information is 3 bits in a TTI. 
· Resource utilization: If the SR information is 3 bits, the maximum number of UL MIMO UE in a TTI will be 20 by using a SF256 code resource.
The advantage of this design is that there is high resource utilization for supporting 20 UL MIMO UE by using a SF256 code resource. The drawback is that no matter what the number of UL MIMO UE, it occupies the new code resource.
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Figure 5: The downlink SR feedback channel design when the SR information is 3bits.
Table 1: SR mapping with the coding sequence when the SR information is 3bits

	SR
	coding sequence

	0
	000

	1
	001

	2
	011

	3
	010

	4
	110

	5
	111

	6
	101

	7
	100


4.3 SR transmission based on E-AGCH
The following information is transmitted by means of the absolute grant channel (E‑AGCH):
- Absolute Grant Value:
xagv,1, xagv,2, …, xagv,5
- Absolute Grant Scope:
xags,1
Here is the coding for E-AGCH as above. If SR is transmitted on like E-AGCH, there would be reusing E-AGCH or designing E-AGCH for UL MIMO UE. The SR is update each TTI.
A. Reuse E-AGCH
The SR information would be transmitted with the SG on E-AGCH, with SR and SG jointly encoded or with a predefined relationship. 
· Impact: It has less impact on the E-AGCH. 
· Delay/Update rate: The minimum feedback delay is 4 slots or 5 slots. The shortest update rate is one 2ms TTI.
· Information: The maximum size of SR information is uncertain in a TTI.
· Resource utilization: If the SR information is 3 bits, the maximum number of UL MIMO UE ina TTI will be 1 by a SF256 code resource.
The advantage of this design is that it doesn’t introduce an additional channel for SR. The drawback is that the SR might change every TTI, but the SG might not need update very frequently. The long-term occupation of E-AGCH might impact the legacy UE.
B. Redesign like E-AGCH, which named S-E-AGCH
The SR information is transmitted on S-E-AGCH, instead of the AG value and AG scope.
· Impact: It has no impact on the E-AGCH.
· Delay/Update rate: The minimum feedback delay is 4 slots or 5 slots. The shortest update rate is one 2ms TTI.
· Information: The maximum size of SR information is 6 bits in one 2ms TTI.
· Resource utilization: Assumed that the SR information is 3 bits, the maximum number of UL MIMO UE in one 2ms TTI is 1 by a SF256 code resource.
The advantages of this design is good performance as the channel is similar to E-AGCH, low transmit power and support for relatively large SR information size. The drawback is that it occupies additional code resources.
4.4 Summary
We summarize the comparison of the above schemes in Table 2. According to our analysis, the option with S-E-AGCH has better performance, lower transmit power and larger information size than most of the other schemes. Based on this, it is preferred that SR information is transmitted using the scheme like E-AGCH, B-redesign. 
Table 2: Comparisons of three options of the downlink SR feedback channel schemes
	SR transmission based on 
	F-TPICH
	E-RGCH
	E-AGCH

	
	A-   reuse
	B-redesign
	A-   reuse
	B-redesign
	A-   reuse
	B-redesign

	Impact on existing physical channel 
	less

	Shortest update rate [slot]
	3

	Maximum size of SR information in one TTI [bit]
	3
	3
	Less than 40
	3
	uncertain
	6

	Maximum UEs per one SF256 code resource
	10
	5
	6
	20
	1
	1

	Minimum feedback delay [slot]
	3 or 4
	3 or 4
	5 or 6
	5 or 6
	5 or 6
	5 or 6


5. Conclusion
In this contribution, we discuss the downlink SR feedback channel design of UL MIMO. From the above analysis, the transmission of the SR information on a channel like E-AGCH (B-redesign option) seems to give the best trade-off between resource utilization and performance.
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