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1 Introduction
8-carrier HSDPA was approved as a work item at the RAN#50 plenary [1].  Many companies presented their view on the key issue of carrier activation/deactivation in previous meetings ([2]
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 \* MERGEFORMAT [5]). In last RAN1 #65 meeting, it was agreed that:

· It shall be possible to activate and deactivate secondary serving HS-DSCH cells by means of HS-SCCH orders transmitted from the serving Node-B

· It shall be possible to go between any two allowed states in a single TTI.

This contribution further discuss and analysis different solutions on carrier activation and deactivation.  This analysis shows that the dual HS-SCCH order solution has several advantages relative to the single HS-SCCH order solution in the areas of implementing functionalities, minimizing standards complexity and allowing for future use of orders for other purposes. Therefore we prefer dual HS-SCCH order solution for carrier activation and deactivation in 8-carrier HSDPA.
2 Discussion
2.1 Carrier activation/deactivation in 8C-HSDPA 

Since it was agreed that it shall be possible to activate and deactivate secondary serving HS-DSCH cells by means of HS-SCCH orders transmitted from the serving Node-B, and to go between any two allowed states in a single TTI, our understanding of the design goal for carrier activation/deactivation in 8-carrier HSDPA is to design HS-SCCH order to allow state transition between any two allowed states among total 192 states in a single TTI. Therefore, we have focused our discussion on achieving this design goal and have compared the pros and cons of the two solutions currently in discussion: the single HS-SCCH order and dual HS-SCCH order solutions.
2.1.1 Single HS-SCCH order solution

Using one single HS-SCCH order to activate/deactivate all configured secondary carriers in 8-carrier HSDPA can be implemented by any of the following two methods described in [5]: 

· Method 1: Extending order bits from 6 to 8 bits to construct 192 unique HS-SCCH orders for activation/ deactivation of the secondary serving HS-DSCH cells and secondary uplink frequency in 8-carrier HSDPA. The additional 2 bits may be obtained by reinterpreting or allocating the 5th and 6th of the TBS bits as described in [2]. This method seems to provide enough bits to activate/deactivate all configured secondary carriers by one single HS-SCCH order on per-carrier basis in 8-carrier HSDPA, but it will impact the coding of the existing HS-SCCH order physical channel and increase the specification complexity to maintain the backward compatibility to previous releases. Specifically, we see the following potential issues: 
[1] We agreed with the suggestion mentioned in [2]: it could be beneficial from an implementation point of view if HS-SCCH orders avoid using TBS bits ‘111111’ and TBS bits ‘111110’ because they respectively indicate the case of retransmissions where the Node-B selects a combination for which no mapping exists between the original transport block size and the selected combination of channelization Code set and modulation type, and the case of retransmissions of HS-SCCH less transmissions. 

If both TBS bits ‘111111’ and ‘111110’ are not used, then there is a problem that 192 states cannot represented by a single HS-SCCH order which essentially consists of 7 bits (27 = 128) instead of 8 bits; as only TBS bit words of ‘111100’ and ‘111101’ may be used which is equivalent of extending by 1 bit, not 2. 

[2] It will increase standards complexity as it will impact the HS-SCCH order format and the UE behavior on the reception of HS-SCCH order. Specifically,

[2.1] It will impact the coding for the existing HS-SCCH order if reinterpreting or allocating the 5th and 6th of the TBS bits to order bits.  
As specified in [6]:  the HS-SCCH subframe consists of two parts: 

· Part 1 contains the channelization code set and modulation scheme (and number of transport blocks as well as precoding weight information bits for MIMO transmissions)

· Part 2 contains the transport block size (TBS), hybrid ARQ related parameters, etc. 

For HS-SCCH Type 1 orders (used in non-MIMO mode) and HS-SCCH Type 3 orders (used in MIMO mode), Part 1 are respectively set to ‘11100000’ and  ‘111000000000’; while in Part 2, the TBS related bits (6 bits) are set to ‘111101’, and the remaining 6 bits are used to describe the order type and order bits. 

It is obvious that the coding for HS-SCCH order will be changed as Part 2 will be impacted if the 5th and 6th of the TBS bits is reinterpreted or allocated to describe orders with the existing order type and order bits. From backwards compatibility point of view, the change of HS-SCCH order format is not preferred as mentioned in [3] and [5].
[2.1] It may impact the UE behavior on how to respond the reception of HS-SCCH order. As specified in [7]: after a UE detects that one of the monitored HS-SCCHs in sub-frame n carries consistent control information intended for this UE, 

If the CRC of the HS-SCCH is OK 

· if the TFRI value corresponds to an HS-SCCH order

· If the HS-SCCH order was sent by the serving HS-DSCH cell or by one of the secondary serving HS-DSCH cells, transmit ACK information in the slot allocated to the HARQ-ACK in the corresponding HS-DPCCH sub-frame;

· Process the HS-SCCH orders as described in subclauses 6A.1, 6B and 6C.4.

· else, discard the information received on this HS-SCCH.

If extending 6 bit order to 8bit order by allocating the 5th and 6th of the TBS bits, the TFRI value corresponds to an HS-SCCH order will be different from currently defined TBS bits ‘111101’, and so it may require to redefine the UE behavior on how to respond the reception of the HS-SCCH order above and impact the UE implementation.
· Method2: Reducing carrier activation/deactivation states to be represented from 192 to the number no more than 56. Method 2 may be implemented by activating/deactivating some of 4 additional carriers in 8-carrier HSDPA (i.e., 4th-7th secondary serving HS-DSCH cells) together as a group. For example, 4 additional carriers (4th-7th secondary serving HS-DSCH cells) can be activated/deactivated as one or 2 groups as described in [4]. Method 2 may also be implemented by a conditioning HS-SCCH order, i.e., any of 4 additional carriers (4th-7th secondary serving HS-DSCH cells) can be activated/deactivated individually based on all the 1st, 2nd, and 3rd secondary serving HS-DSCH cells’ activation status as proposed in [4].

Method 2 can activate/deactivate all configured secondary carriers by a single HS-SCCH order in 8-carrier HSDPA, without impacting the coding of HS-SCCH order and order mapping table in previous releases and seems to require less of specification effort than Method 1 above. However, Method 2 reduces the NodeB scheduling and HS-SCCH order flexibility to secondary serving HS-DSCH cells as some carriers are activated/deactivated as a group or limited by other carriers’ activation/deactivation status.  Therefore, Method 2 cannot meet the design goal of allowing state transition between any two allowed states of 192 states, as it only provides for transition between a subset of the allowed states which limits the channel configuration flexibility.
2.1.2 Dual HS-SCCH order solution

Instead of using one single HS-SCCH order, dual HS-SCCH orders can be used to activate/deactivate all configured secondary carriers in 8-carrier HSDPA as described in [3] and [5]: 

A new set of HS-SCCH orders are introduced (consisting of 16 new HS-SCCH orders by introducing new order type) to activate/deactivate the additional 4 carriers (4th-7th secondary serving HS-DSCH cells), which is mutually exclusive with the set of HS-SCCH orders (consisting of 12 existing HS-SCCH orders) used for 4-carrier HSDPA as shown in Table 1 in [5].  NodeB sends two HS-SCCH orders respectively selecting one order from each of these two sets of HS-SCCH orders to activate/deactivate all configured secondary carrier in 8C-HSDPA, please see [5] for a detailed description. Since the two HS-SCCH orders are mutually exclusive; there is no need to introduce additional logic to indicate which group the R10 4-carrier HSDPA type order is applied to as concerned in [2]. This method can easily achieve the design goal for all cases when there is at least 1 DL secondary carrier active by sending two HS-SCCH orders on different DL carriers.  
For the case where no DL secondary carrier is active, this method does not allow directly for the state transition between any two allowed states, as it requires two orders to be sent on different carriers to achieve this.  There are several methods to mitigate this limitation:

· Method 1: Is to live with the restriction, and for the corner case of when only the primary carrier is active allow for the activation of at most 3 or 4 secondary carriers in one TTI.

· Method 2: Is to restrict the behavior of the network and always insure at least 1 secondary carrier is active whenever the UE is configured in 8-carrier HSDPA mode.

· Method 3: Is to allow for a modified order signaling for the case when only the primary carrier is active.  This modified order signaling could allow for the two orders to be sent to the UE in sequential TTIs, while the UE still shall transmit the HARQ-ACK acknowledging the two HS-SCCH orders based on the timing of the first of the two orders, effectively achieving the design goal of completing the state transition in a single TTI.  Hence, the UE behavior regarding timing and activation is identical to the currently specified UE behaviour when the UE receives a single order. Figure 1 shows an example of transmission timeline from 1 DL carrier (i.e., the serving HS-DSCH cell active only) to multiple active DL carriers by using two sequential HS-SCCH orders in 8C-HSDPA configured with 1 uplink frequency. From Figure 1, since the first and second HS-SCCH order are sent over two consecutive TTIs, it allows the UE to finish decoding the second HS-SCCH order within 6.5slot of the time at which the ACK must be sent on the HS-DPCCH, which seems acceptable processing time compared to 7.5sots used for HS-PDSCH data demodulation and decoding. This method does require special behavior to be defined for a UE and the NB when the UE is operating in 8-carrier HSDPA and only has the primary carrier active.
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Figure 1 Transmission timeline from 1DL to Multiple DL by two HS-SCCH orders in 8C-HSDPA configured with 1UL frequency
2.1.3 Solution summary for carrier activation/deactivation in 8-carrier HSDPA 

From the discussion above, dual HS-SCCH order solution does not have those potential issues identified for single HS-SCCH order solution Method 1 at the cost of increase in the L1 signaling overheard, i.e., two HS-SCCH orders need to be signaled instead of one single HS-SCCH order. However considering the available and data rate in 8-carrier HSDPA, the increase of L1 signaling overhead from 1 HS-SCCH order to 2 HS-SCCH order should be acceptable.  Furthermore, in most cases, only one HS-SCCH order may be sent for the purpose of activation/deactivation status switching since only part of all the secondary serving HS-DSCH cells may need to be activated and deactivated at a specific time as mentioned in [3].  
Also dual HS-SCCH order solution can easily activate/deactivate all configured secondary carriers in 8-carrier HSDPA on per-carrier basis instead of per-group basis used by single HS-SCCH order solution Method 2, which provides more scheduling flexibility to NodeB and power saving opportunity for UE with moderate data rate.

In addition, dual HS-SCCH order solution  allows for the availability of orders for other purpose in the future such as activation/deactivation of UL CLTD/MIMO, because the dual SH-SCCH order solution only uses 16 of 44 currently available HS-SCCH orders for activation/deactivation of 4th-7th secondary serving HS-DSCH cells. 

We summary pros and cons of the different solutions in Table 1, and conclude that the dual HS-SCCH order solution seems to be more advantageous than single HS-SCCH order solution for achieving the design goal with simple implementation, while minimizing standard complexity, and allowing for the availability of orders for other purposes in the future; even when considering the cost of increased L1 signaling overhead.  
Table 1: Solution summary for carrier activation/deactivation in 8C-HSDPA
	Solution name
	Go between any two allowed states among 192 states
	Impact HS-SCCH order format
	Impact the UE behavior on reception of HS-SCCH order
	NodeB scheduling flexibility on per-carrier basis
	Increase L1 Signaling overhead
	Orders available for future use

	Single HS-SCCH order solution with Method 1
	Yes, accepting No when TBS bits ‘111111’ and ‘111110’ are not used
	Yes
	Yes
	Yes
	No
	Yes

	Single HS-SCCH order solution with Method 2
	No
	No
	No
	No
	No
	Depending on the number of groups of carriers

	Dual HS-SCCH order solution with Method 1
	Yes, accepting No for primary carrier active only
	No
	No
	Yes
	Yes
	Yes

	Dual HS-SCCH order solution with solution Method 2
	Yes, accepting the case of primary carrier active only is not allowed
	No
	No
	Yes
	Yes
	Yes

	Dual HS-SCCH order solution with Method 3
	Yes
	No
	Yes
	Yes
	Yes
	Yes


Therefore, we propose the following:
Proposal 1: Agree to use two HS-SCCH orders for activation/deactivation of the secondary carriers in 8C-HSDPA. 

Proposal 2: Agree to introduce 16 new HS-SCCH orders for activation/deactivation of the 4th-7th secondary serving HS-DSCH cells in 8C-HSDPA defined in a look-up Table 1 in [5]. 

3 Conclusion

We have discussed and compared different solution for carrier activation/deactivation in 8-carrier HSDPA, and proposed the following:

Proposal 1: Agree to use two HS-SCCH orders for activation/deactivation of the secondary carriers in 8C-HSDPA. 

Proposal 2: Agree to introduce 16 new HS-SCCH orders for activation/deactivation of the 4th-7th secondary serving HS-DSCH cells in 8C-HSDPA defined in a look-up Table 1 in [5]. 
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