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1.
Introduction
RAN1 meeting #46bis, RAN1 discussed and agreed on many details as a basis for specifying the MIMO operation. The agreements were captured in [2]

 REF _Ref149402455 \r \h 
 \* MERGEFORMAT [3]. The other WGs were informed of the progress with an LS [4].  

As a part of the MIMO scheme selection, it was agreed that UTRAN signals to the UE the antenna weight that is used on the HS-PDSCH sub-frame on the corresponding HS-SCCH. Furthermore, to support dual stream operation, additional information is needed. To enable dynamical switching between single stream and dual stream transmission mode, the used HS-SCCH structure also needs to be able to dynamically adapt to the number of transmitted streams.
RAN1’s current agreement aims at introducing two different formats to Part2 to enable more efficient single/dual stream operation. The HS-SCCH basic structure remains, e.g., Part1/Part2 division. The maximum number of HS-SCCH code channels to be monitored is 4, the same as in Rel-5.

This contribution discusses the performance of the MIMO HS-SCCH, investigates the limiting factors for it and proposes some possible methods for mitigating these limiting factors.
2.
HS-SCCH structure for MIMO operation

In this section we provide an overview of the HS-SCCH structure for MIMO operation, based on RAN1’s current working assumptions 
It is already agreed that the antenna weight used on the corresponding HS-PDSCH sub-frame will be informed to the UE in the HS-SCCH. Thus, to convey the necessary antenna weight information (xaw), 2 bits will be added to Part 1. Furthermore, in order to avoid unnecessary duplication of certain Part 2 information, 1 bit needs to be introduced to indicate the number of streams and the used part Part 2 (xns). The channelization code-set information does not need to be duplicated. Instead, a symmetric code allocation will be assumed for dual stream operation. An additional bit needs to be introduced to allow the indication of the used modulation scheme in the second stream.

In brief, the preliminary information content of Part 1 would be

-
Channelization-code-set information (7 bits): 




xccs,1, xccs,2, …, xccs,7
-
Modulation scheme information (2 bit): 





xms,1, xms,2
-
Antenna weight information (2 bits):






xaw,1, xaw,2

-
Indicator for Part 2 structure/number or streams (1 bit):

xns,1

For Part2, two different formats are planned to be introduced: the first format for single stream operation, and the second for dual stream operation. In case of single stream transmission, the Part 2 content would be very similar to the Rel-5 content, with Hybrid-ARQ process information increased from 3 bits to 4. To allow dual code word operation in the dual stream case, the transport-block size information would need to be doubled. Similarly, the redundancy and constellation version information and the new data indicator also would need to be duplicated for each stream. To allow full flexibility for allocating the HARQ process in different streams, the Hybrid-ARQ process information would need to be doubled as well. 

The Part 2 information for the dual stream case would be

-
Transport-block size information (12 bits):

xtbs,1, xtbs,2, …, xtbs,12

-
Hybrid-ARQ process information (8 bits):


xhap,1, xhap,2,…, xhap,8

-
Redundancy and constellation version (6 bits):
xrv,1, xrv,2,… xrv,6
-
New data indicator (2 bits): 






xnd,1, xnd,2

-
UE identity (16 bits):







xue,1, xue,2, …, xue,16

Please note that the above given information is preliminary, and that the final amount and nature of information introduced in the new HS-SCCH will be determined by RAN1. For example, in case of dual stream, the number of Hybrid-ARQ process information could require less than 8 bits if certain HARQ processes are limited to certain streams. 

3.
Simulation results
In this section we present some initial simulation based on the format described in previous section. Additionally results are presented for Rel-5 HS-SCCH structure and also for an alternative structure having one bit smaller information payload on Part1.. The simulated formats are summarized in Table 1. Results are presented for Pedestrian A and Vehicular A with 3km/h at Îor/Ioc of 0dB. The used encoding parameters in these simulations maybe suboptimal.
Table 1. Summary of simulated HS-SCCH formats
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Xnd 1 2 1 2 1
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The performance of described formats is given in Figure 1 and Figure 2 for Pedestrian A 3km/h and Vehicular at 3km/h, respectively. The simulations were performed at Îor/Ioc level of 0dB. The used single transmit simulation scenario lacks the multiantenna interference (due to MIMO operation). Thus the results may not be at absolute correct level, but can still be used to compare different structures in relative terms. 

First comparing the performance of Rel-6 HS-SCCH format to the HS-SCCH format typeA (as referred in Table 1 above) in Pedestrian A at 1% error level. It can be seen that the single stream format is approximately 1.8dB dB worse than the Rel-6 structure. The dual stream format of typeA structure is nearly 0.6dB worse than the single stream format, resulting it being nearly 2.4 dB worse than the Rel-6 reference. Evaluating the typeB structure having lower payload in Part1, shows the single stream format of typeB to be slightly more than 1dB worse than Rel-6 HS-SCCH structure. Dual stream format of typeB structure shows an additional loss of 1dB, making it about 2.2dB worse than the reference.
In Vehicular A propagation condition the differences between the single and dual stream format are smaller than in Pedestrian A at 1% error level for both structures. However the losses compared to Rel-6 HS-SCCH structure are somewhat increased. The typeA structure in single stream case has about 2.4dB loss compared to the reference, increasing to 2.6dB’s when dual stream format is considered. In case of the alternative format, typeB, the loss for single stream case compared to the Rel-6 HS-SCCH is about 1.5dB’s, ending up to 1.9dBs with dual stream format
Additionally Figure 3 and Figure 4 show the probability of HS-SCCH error for the Rel-6 structure and the typeA structure with OL TD. The difference between single stream format and dual steam format is now also small in PA3, difference being 0.3dB at 1% error rate level. The difference to Rel-6 HS-SCCH structure is about 1d in Pedestrian A and 1.5dB in Vehicular A. Unfortunately we did manage to obtain results for the HS-SCCH structure referred as typeB in Table 1, but the results presented for other formats seem quite consistent.
Thus based on the results presented it would appear that attention should be paid to the number of information bits introduced to the new HS-SCCH. Duals stream format is requiring largest increase in the power allocation. However as the Part2 format can be changed depending on the FDD MIMO operation mode used, the power increase due to the HS-SCCH dual stream format  does not seem so crucial. Therefore it can be concluded that the Part1 performance is the limiting factor, and the increase in Part1 information payload should be minimized to ensure proper coverage for HS-SCCH with reasonable power. 
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Figure 1. Initial simulation results for new HS-SCCH structures supporting MIMO in Pedestrian A 3km/h at Îor/Ioc of 0dB
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Figure 2. Initial simulation results for new HS-SCCH structures supporting MIMO in Vehicular A 3km/h at Îor/Ioc of 0dB.
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Figure 3. Initial simulation results for new HS-SCCH structures supporting MIMO in Pedestrian A 3km/h at Îor/Ioc of 0dB with OL TD.
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Figure 4. Initial simulation results for new HS-SCCH structures supporting MIMO in Vehicular A 3km/h at Îor/Ioc of 0dB with OL TD.
4.
Possible overhead mitigation techniques

Based on the above results it appears that the part 1 of the MIMO HS-SCCH is actually more critical to the performance than part 2 but that both suffer from too low effective coding rates. Thus reducing the number of information bits in both part 1 and part 2 should be sought for. Especially the possible 64QAM signaling support in the DL should be introduced in such a way that no new bits are needed to part 1. 
Possible ideas to look further for reducing the number of bits needed in the HS-SCCH
· Part 1:

· Re-interpret  bits from the code-set-information to be used for antenna weights / rank indication / modulation

· Re-interpret bits from the code-set-information to indicate 2nd stream modulation when rank = 2

· Conditionally steal bits from the code-set-information for 64QAM indication if 64QAM is specified by 3GPP and enabled for the link.
· Part 2:

· Link the stream # (primary/secondary) to a HARQ-process-set when rank = 2, (stream # as a MSB of HARQ process indication)
· Merge RV, constellation version and NDI to a shorter retransmission sequence number as in E-DPCCH

· Reduce the signaling space of the TrBlk size of the secondary stream and make it differential to the primary stream

· Any other viable technique that allows for reducing the number of bits needed in the MIMO mode on the HS-SCCH
5.
Conclusions
This contribution discussed the performance of the new HS-SCCH format introduced for MIMO operation and investigated the limiting factors for signalling coverage via link simulations. Based on the results presented it can be concluded that the number of information bits in the HS-SCCH in both part 1 and part 2 is very high compared to the available number of channel bits thus reducing the reliability of the HS-SCCH when MIMO is configured to the system. As the significance of the relative increase in power required guaranteeing desired signal quality increases as the portion of the total node B power is larger, it is felt that possibilities to maintain the increase of the Part1 information bits should be used.
Based on these findings we would believe that any means for reducing the number of bits on the HS-SCCH in general and in part 1 in particular should be used provided that they do not degrade the system performance and sufficient amount of flexibility is maintained. It appears that the full flexibility in using 1 to 15 codes in the DL signalling with MIMO may not be needed given that the CQI reports are expected not to need to support that fine granularity [6] and thus some bits from the channelization-code-set-information bits could be reused.
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Annex A Simulation assumptions

Table 2: Used simulation assumptions

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	Channel estimation
	The location of each ray on the channel is known a-priori to the receiver, but the channel tap values (i.e., the complex coefficient associated with each multi path component) are estimated by the receiver.

	Channel ray mapping
	Nearest Tc/2 spaced delay

	Receiver Structure
	MRC RAKE with two receiver branches

	RX AGC
	Off

	SRRC pulse shaping 
	On

	Propagation channel types
	Pedestrian A 3km/h and Vehicular A 3km/h. Fully uncorrelated fading between receiver branches.

	Number of bits in A/D converter
	Floating point

	
[image: image6.wmf]ˆ

/

oroc

II


	0 dB

	Primary Scrambling code
	S_dl, 0

	SCH
	On, (Scrambling code group 0)
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