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1. Introduction
In ‎[1] a proposal on how to modify, mainly, part I of HS-SCCH to incorporate signaling for MIMO and 64QAM is presented. The idea presented in ‎[1] is based on constraining the signaling of the channelization code set (CCS) by fixing the LSB to one and not include this in the signaled bits. The available “code words” can then be used to indicate modulation order in case 64QAM is configured. This will lead to a restriction on the number of codes that can be signaled. Further, by re-interpreting the available bits it is also possible to signal the transmission rank and modulation orders in case of MIMO transmission.
In this contribution we analyze the method described in ‎[1] and propose some small changes in order to correct some deficiencies and also to, in our opinion, have more efficient signaling.

2. Analysis of proposal in ‎[1]
It is proposed to fix the LSB of CCS to 1 and then not include this in the transmission. This will provide room to include signaling for 64QAM and still have 8 bits in part I of the HS-SCCH. It is then indicated that only a limited set of number of codes as available {1 3 5 7 9 10 13 15}. However, when analyzing this further it is noted that this will result in 65 different combinations, which can not be signaled by 6 bits as indicated.
In the case of MIMO+64QAM a 5 bit CCS field is available for the 16QAM/QPSK, 16QAM/16QAM and 64QAM/QPSK combinations. In this case the available start codes and the number of codes that can be signaled is restricted to {1 2 3 4 5 6 7 8} and {8 10 13 15}, respectively. Counting the combinations here reveals that only (8+6+3+1) = 18 out of 32 possible combinations (5 bits) are used. This is indeed not very efficient. Similarly for the case of 64QAM/16QAM and 64QAM/64QAM where only (4+3+2+1) = 10 out of 16 combinations (4 bits) are used.
It is further noted that it will not be possible to schedule anything less but 8 codes in case QAM is used for MIMO. Our impression is that this will lead to a too restrictive scheduling policy, and that a possibility to schedule fewer codes even in this case should be possible.

3. Proposal on new Part I of HS-SCCH for MIMO and 64QAM
3.1. HS-SCCH part I for non-MIMO 64QAM

A mentioned above, the restrictions provided in ‎[1] will result in 65 combinations, hence 6 bit do not suffice to signal the (restricted) CCS. Here we propose that the number of codes is restricted to {1 3 5 7 10 11 13 15}. This would result in (15+13+11+9+6+5+3+1) 63 combinations which can be signaled using a 6 bit CCS field. It can be noted that we have kept the possibilities to use (among other) 5, 10 and 15 codes since these agrees with the maximum number of codes that can be scheduled for different UE categories. 
By using the values proposed above the LSB of the CCS field can not be set to one (and then not included in the transmission), this since 10 is included in the available set. Instead a table over valid combinations can be used.
3.2. HS-SCCH part I for MIMO
For the case of MIMO, the same problem as identified above appear in ‎[1]. Also in this case it is proposed to restrict the number of codes that can be signaled to {1 3 5 7 10 11 13 15} which leads to 63 different combinations.
3.3. HS-SCCH part I for MIMO+64QAM
The problems and inconsistencies in ‎[1] identified for this case can be circumvented by a slightly different proposal. It can be questioned if the combination of 64QAM (on primary stream) and QPSK (on secondary stream) will be used commonly when MIMO and 64QAM is combined. This transmission mode indicates a very large difference in quality between the two streams. In the case this would be indicated by the CQI report, the loss by transmitting only a single stream would be small (in relative terms). It is further noted that this loss would only be on a user throughput basis, since another user could be scheduled on the, now, available secondary stream.
Thus, we propose that the combination 64QAM/QPSK is removed from the available formats. In this case only 8 possibilities of modulation combination exist, see Table 1 below. In case MIMO is configured, the antenna weight indication is also included in the part I of HS-SCCH ‎[2]. This would imply that rank, modulation order and antenna weights can be signaled using 5 bits. Reserving 6 bits for a reduced CCS would then result in a part I of the HS-SCCH that consist of 11 bits.  From the simulations presented in ‎[1] this seem to lead to an acceptable increase of power needed for the HS-SCCH. It is our opinion that further reducing the signaling would lead to a too restrictive system.
Table 1: Available modulation combinations including rank indication.

	Primary stream
	Secondary stream
	Index

	QPSK
	N/A
	000

	16QAM
	N/A
	001

	64QAM
	N/A
	010

	QPSK
	QPSK
	011

	16QAM
	QPSK
	100

	16QAM
	16QAM
	101

	64QAM
	16QAM
	110

	64QAM
	64QAM
	111


In this case we propose that the number of codes remaining in the restricted CCS field would be {1 3 5 7 10 11 13 15} which would result in 63 combinations. This would spread the available combinations more evenly than what is proposed in ‎[1] where 6 bits are available for single stream and only 4 bits for the case of dual stream with QAM.
4. Alternative approach

If restrictions as presented above are introduced, these will inevitable lead to restrictions in the scheduler that can hamper system performance. It can be noted that the main scenario for both MIMO and 64QAM, and definitely the combination, will be high SNR scenarios. In those scenarios it can be argued that the cost of an additional bit in the HS-SCCH would not be that costly system wise. It can also be assumed that MIMO (and 64QAM) capable UEs in general have better receiver performance than Rel-5 UEs since dual receive antennas will be available (this is necessary for MIMO) . 

A very simple solution without scheduler restrictions would be to add one bit in the modulation field of the HS-SCCH part I. This bit can then be used to indicate the 3 available modulations in case of 64QAM operation. In case of MIMO, the support for the combination 64QAM/QPSK is removed and hence 7 bits can be used for CCS. Thus full flexibility for scheduling any code combination is retained in both cases.

In our opinion, this approach would provide a more flexible system that can utilize the available code space in a much more efficient way. The price to pay, one extra bit, would be well motivated.

5. HS-SCCH Part II

In case of non-MIMO 64QAM no changes are needed for part II, while for MIMO changes are needed both for single- and dual-stream transmission. In case of single stream a larger number of HARQ processes need to be addressed, hence the HARQ ID needs to be expanded to 4 bits. 

For dual stream transmission the size of both TB needs to be signaled. As for single stream, the address space for HARQ process signaling need to be expanded. In our opinion 4 bits should be used for this purpose. This is not further discussed here, but details can be found in ‎[3]. As identified in ‎[1], redundancy and constellation version and NDI can be jointly coded to a 2-bit HARQ transmission format. This would mean a further reduction of part II in case of MIMO. A summary of the part II can be found in Table 2 in case of MIMO operation. It is worth noting that if RV and NDI is jointly coded, single stream MIMO transmission would require less bits in part II compared to Rel-5.
Table 2: HS-SCCH Part II in case of MIMO

	
	TB size
	HARQ ID
	RV
	NDI
	UE ID
	Total

	Rel-5
	6 bits
	3 bits
	3 bits
	1 bit
	16 bits
	29 bits

	Single stream
	6 bits
	4 bits
	2 bits
	16 bits
	28 bits

	Dual stream
	2x6 bits
	4 bits
	2x2 bits
	16 bits
	36 bits


6. Conclusions
In this contribution we have proposed an alternative HS-SCCH structure for 64QAM and MIMO (and the combination). The formats are based on the structure presented in ‎[1], but some modifications are proposed to better utilize the bits available in the HS-SCCH. In summary, it is proposed to limit the number of available codes that can be signaled over HS-SCCH. This would mean that 64QAM can be introduced without changing the number of bits (coding and rate matching) for the HS-SCCH. To further make room for MIMO signaling, it is proposed not to support the combination of 64QAM and QPSK for MIMO. This together with a limitation of the number of codes that can be signaled would mean that the current size of part I can be retained. 
An alternative is also presented. In this approach an additional bit is included in the HS-SCCH part I. By this, full flexibility in the code allocation can be retained. For MIMO, the combination of 64QAM and QPSK is removed (as above) and the added bit can be used for full representation of CCS.

For part II it is proposed that the redundancy and constellation version is jointly coded with the new data indicator to form a 2 bit HARQ transmission format. This would result in a single stream HS-SCCH of 28 bits and a dual stream HS-SCCH containing 36 bits. We feel that this is a good compromise between cost and performance.
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