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1.
Introduction

In the scope of the work item “Further Enhancements to CELL_FACH” [1] the “Per-HARQ-process grants for 2ms TTI” is one candidate feature for further improving the UL performance of common E-DCH in CELL_FACH state, and first discussions took place at last RAN2#74 meeting based on the paper in [2] where it was proposed to support per-HARQ process scope of absolute grants for introducing HARQ process activation and deactivation. But following discussion RAN2 was not able to reach consensus on the proposal as the merits of the feature were not fully clear.
In order to assess the merits of the feature we are discussing in the following the potential impacts to UE and network when the feature would be introduced in CELL_FACH state.
2.
Discussion
As the 2ms E-DCH TTI allows for higher UL data rates and lower data transmission delay compared to the 10ms E-DCH TTI, and as the number of E-DCH UEs to be served in CELL_DCH state can be very high, the possibility for HARQ process activation/deactivation in case of 2ms E-DCH TTI was introduced in CELL_DCH state to enable NodeB to schedule E-DCH resources in a very flexible manner and to control noise rise of UL transmissions. HARQ process activation/deactivation of one or all processes for which transmission of scheduled data is allowed according to RRC signalling may be performed by the NodeB using the E-AGCH and the primary E-RNTI of the UE, and allows the NodeB to perform time-domain multiplexing of UEs. As described in the serving grant update procedure in [3] when UE receives an E-AGCH intended for the TTI and HARQ process then the procedure for activating/deactivating of HARQ processes is as shown in table 1 below.
Table 1: HARQ process activation / deactivation for 2ms E-DCH TTI in CELL_DCH state
	Case
	Absolute Grant Scope
	Absolute Grant Value
	HARQ process status
	Comment

	1
	“Per HARQ process”
	“INACTIVE”
	Deactivates the affected process only
	

	2
	“All HARQ processes”
	“INACTIVE”
	Deactivates all processes
	In Rel-8 and CELL_FACH state this codepoint is used for explicit release of common E-DCH resources

	3
	“Per HARQ process”
	unequal "INACTIVE"
	Activates the affected process only
	

	4
	“All HARQ processes”
	unequal "INACTIVE"
	Activates all processes
	


It should be noted that the received Absolute Grant Value unequal “INACTIVE” is common and applies to all active HARQ processes for which transmission of scheduled data is allowed, i.e. per-HARQ process scheduling where the received Absolute Grant Value unequal “INACTIVE” may apply only to one specific HARQ process is not supported in CELL_DCH state.
As mentioned in CELL_DCH state the number of E-DCH UEs to be served can be very high and is limited mainly by the UL noice rise and the available code resources in DL, i.e. DPCH, F-DPCH or enhanced F-DPCH. With F-DPCH or enhanced F-DPCH up to 10 UEs may be multiplexed onto a single SF256 code. But in practice the capacity of F-DPCH is lower than 10 due to its timing requirements.
In order to assess the merits of the feature “Per-HARQ-process grants for 2ms TTI” we need to look at the targeted scenario as described in the WID [1]. To our understanding the targeted scenario is to keep a high number of UEs with low to medium packet data activity efficiently in CELL_FACH state comparable to CELL_DCH state. According to this we tend to share the view in [2] that the support of HARQ process activation and deactivation for common E-DCH with 2ms TTI may provide merits to both network and UE. But accoding to our analysis the support of the feature in CELL_FACH state may impact the UE and network in terms of:
A) Increase of number of common E-DCH resources in a cell

Currently, the number of common E-DCH resources configured in a cell is limited to 32. Considering the fact that the common E-DCH resources may be shared between legacy Rel-8 UEs and Rel-11 UEs (either with or w/o concurrent deployment of 2ms and 10ms TTIs in the cell), we think that support of HARQ process activation and deactivation for common E-DCH with 2ms TTI may provide merits only when the number of served E-DCH UEs is high. In other words we think that for a small number of maximum 32 UEs, the current scheduling mechanism as specified in Rel-8 based on initial serving grant value and E-AGCH signaling without support of HARQ process activation/deactivation is sufficient to control E-DCH resources and to control noise rise of UL transmissions.
Therefore, we think that the number of common E-DCH resources in a cell may need to be significantly increased by N x 32 with at least N ≥ 2. But at this stage, we have no position on the maximum value of N, so it is proposed to discuss this aspect in more detail.
B) Support of enhanced F-DPCH 
Currently, only F-DPCH in accordance with the F-DPCH slot format #0 (as introduced in Rel-6) can be configured for each common E-DCH resource although a common E-DCH supporting UE is capable of supporting enhanced F-DPCH. But referring to the discussion of point A) above we think that the support of enhanced F-DPCH may be required in order to ensure the operation of higher number of common E-DCHs in the cell. 
C) Signaling overhead for support of HARQ process activation and deactivation
As described in table 1 above the codepoint Absolute Grant Scope = “All HARQ processes” in conjunction with Absolute Grant Value = “INACTIVE” can not be used for HARQ process activation and deactivation as it is already reserved in Rel-8 and CELL_FACH state for explicit release of common E-DCH resources used for DCCH/DTCH transmissions. Therefore, alternative solutions to support HARQ process activation and deactivation need to be studied. In the following 3 candidate solutions are briefly described which we have identified. The resulting signaling overhead for each of the candidate solutions depends how fast and at which network entity (NodeB, CRNC) the activity/inactivity status of the HARQ processes is controlled.
C1) “Semi-static” solution: Dedicated RRC signalling
This solution does not require any changes in the E-AGCH signaling as (re-)configuration of HARQ process activation and deactivation may be performed in a semi-static fashion by CRNC per RRC signaling. According to this solution the CRNC may transmit a dedicated RRC message including HARQ process allocation restriction to a UE using common E-DCH for DCCH/DTCH transmissions and after successful contention resolution. For the signaling format of HARQ process allocation restriction we may use the same approach as specified in [4] for CELL_DCH state and 2ms scheduled transmission HARQ process allocation where a bitstring (8) is used and where each bit set to “1” means that scheduled transmissions are allowed in that HARQ process as outlined in table 2 below.
Compared to Rel-8 the signaling overhead of this “semi-static” solution is slightly increased by additional RRC signaling.
Table 2: E-DCH Info (10.3.6.97)
	>>Scheduled Transmission configuration
	OP
	
	
	
	REL-6

	>>>2ms scheduled transmission grant HARQ process allocation
	MD
	
	Bitstring (8)
	MAC-d PDUs belonging to MAC-d flows not configured with a “Max MAC-e PDU contents size” are only allowed to be transmitted in those processes for which the bit is set to “1”.

Bit 0 corresponds to HARQ process 0, bit 1 corresponds to HARQ process 1,…

Default value is: transmission in all HARQ processes is allowed. Bit 0 is the first/leftmost bit of the bit string.
	REL-6


C2) “Dynamic” solution: Introduction of a secondary E-RNTI
According to this solution in addition to the primary E-RNTI a secondary E-RNTI may be assigned to the UE for the purpose of HARQ process activation/deactivation only. As consequence, after successful contention resolution a UE using E-DCH for DCCH/DTCH transmissions has to monitor in each TTI the E-AGCH with two E-RNTIs. NodeB may send to UE the E-AGCH with its secondary E-RNTI for activating/deactivating of HARQ processes with the settings as currently specified in CELL_DCH state as shown in table 1 above. 
The introduction of a secondary E-RNTI does not necessarily mean that the UE would be required to decode more than one E-AGCH. To reduce complexity we think a similar approach as specified in Rel-7 for monitoring HS-SCCH in CELL_FACH state in defined order (where the UE is required to monitor the set of HS-SCCHs first with BCCH-specific H-RNTI and then with dedicated H-RNTI if the first indexed HS-SCCH of the configured HS-SCCH set does not carry the BCCH specific H-RNTI) may be adopted. For instance, UE is required to monitor the E-AGCH first with primary E-RNTI and then with secondary E-RNTI if the E-AGCH does not carry the primary E-RNTI.
Compared to Rel-8 the signaling overhead of this “dynamic” solution is not increased when the UE is required to decode one E-AGCH at most, i.e. the NodeB transmits the E-AGCH using either primary or secondary E-RNTI.

C3) “Dynamic” solution: Extension of Absolute Grant Scope “per-HARQ process”
According to this solution the scope of the Absolute Grant Scope value “Per HARQ process” may be extended in order to allow the NodeB to activate/deactivate more than one process at a time. The extension of Absolute Grant Scope “per-HARQ process” may be transmitted by CRNC per dedicated RRC message to a UE using common E-DCH for DCCH/DTCH transmissions and after successful contention resolution, and the signaling format for the extension may look like as described in table 3 below.
Compared to Rel-8 the signaling overhead of this “dynamic” solution is slightly increased by additional RRC signaling.
Table 3: Extension of Absolute Grant Scope “per-HARQ process”
	Information Element
	Value
	Comment

	Scope of Per HARQ process
	Integer (1,2,3,4)
	Defines the number of affected HARQ processes.


4.
Summary
In order to assess the merits of the feature “Per-HARQ-process grants for 2ms TTI”, the potential impacts to UE and network were discussed when the feature would be introduced in CELL_FACH state. Basically, we are of the opinion that the support of HARQ process activation and deactivation for common E-DCH with 2ms TTI may provide merits only when the number of served E-DCH UEs is high. For this targeted scenario, the support of the feature in CELL_FACH state may impact the UE and network in terms of:
A) Increase of number of common E-DCH resources in a cell
B)    Support of enhanced F-DPCH
C) Signaling overhead for support of HARQ process activation and deactivation
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