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1 Introduction

The current assumption in RAN 1 is that if the UE is having persistently allocated resources in a given TTI for example VoIP Service; no other resources could be allocated to the UE for data/signalling within the same TTI except with Dynamic Broadcasting Channel (DBCH). The restriction of having one transport block per TTI for the unicast transmissions comes from the fact that there will be only 1 HARQ process for non-MIMO case. 

This issue was last discussed in RAN1#46bis in Seoul, October 06 and since then there have not been any further discussion on this topic in subsequent meetings. In this contribution, we revisit this working assumption and discuss if the working assumption needs to be modified for simultaneous reception of persistently scheduled and dynamically scheduled services for one user in a TTI for DL transmissions.  
2 Discussion

The main reason for agreeing this working assumption was that the DL control Channel structure and the resources needed for sending HARQ ACK/NACKs were not clear at that time. However, with progress on the DL Control channel structure: a) the proposal to separate out the ACK/NACK for persistently scheduled UE's and the dynamically scheduled UE's, b) the L1L2 signaling is basically not used to assign resources to the persistently scheduled UEs, we believe that these restrictions are no longer necessary.
Further more, if multiple HARQ processes within one sub frame are allowed, UE could receive both a persistently scheduled (e.g. VoIP) packet and a dynamically scheduled (data) packet in the same sub-frame in the DL transmissions.
The possible benefits this could bring are: 

· From scheduling point of view, having both Persistent and Dynamic allocation within one sub frame would be very efficient.

· Resources for RRC/L2 signalling /Data could be dynamically allocated in the same sub frame in which VoIP packets are persistently scheduled. 

· Increases DL capacity 

· Increased Battery life of the UE as the “On-Duration” of UE during DRX operation can be reduced. 

· Different HARQ profile for VoIP (having persistently allocated resource) and Data (having dynamically allocated resource) is possible by having separate ACK/NACK for different bearer type.
One could argue that this would increase UE complexity; however we believe that such functionality can be considered as a part of higher class/category UE. Early deployment UE may not implement such functionality.
3 Mechanism for differentiating new dynamic allocation and persistent reallocation 

Stage 2 Technical Specification states that:
“In the downlink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on L1/L2 control channel(s). A UE always monitors the L1/L2 control channel(s) in order to find possible allocation when its downlink reception is enabled (activity governed by DRX).

In addition, E-UTRAN can allocate predefined downlink resources for the first HARQ transmissions to UEs. When required, retransmissions are explicitly signalled via the L1/L2 control channel(s). In the sub-frames where the UE has been pre-assigned resources, if the UE cannot find its C-RNTI on the L1/L2 control channel(s), a downlink transmission according to any pre-defined allocation that the UE has been assigned in the TTI is assumed. As a result, the UE performs blind decoding of the pre-defined resources (the subset of pre-defined resources shall be set in accordance to UE’s capability). Otherwise, in the sub-frames where the UE has been pre-assigned resources, if the UE finds its C-RNTI on the L1/L2 control channel(s), the L1/L2 control channel allocation overrides the pre-defined allocation for that TTI and the UE does not perform blind decoding of the pre-defined resources”.

Given this, if we need to dynamically allocate downlink resources in the same TTI where the predefined downlink resources (persistently scheduled) for the first HARQ transmissions are scheduled for a UEs, we need to define a mechanism which will enable the UE to interpret DL grant differently without changing the DL control channel structure.

The two cases that need to be distinguished by the UE within the same TTI are:
· Reallocation of predefined (persistently scheduled) downlink resources

· New dynamic allocated resources. 
There are four possible allocations that can happen as shown on Table 1. Persistently scheduled allocation does not use DL L1L2 control channel, but it is being signalled from higher layers (i.e. L3).

      Table1. Four Possible Allocations that can happen

	Reallocation of Persistently Allocated Resources
	New dynamic allocated resources
	Comments

	Persistently scheduled resources go as usual, there is no control channel. 
	Not-allocated.
	There are no control channels 

	Reallocation overrides the persistently scheduled resources, there is control channel. 
	Not-allocated.
	There is one control channel

	Persistently scheduled resources go as usual, there is no control channel.
	Allocated, there is control channel.
	There is one control channel

	Reallocation overrides the persistently scheduled resources, there is control channel.
	Allocated, there is control channel.
	As there are two control channels at the same time, this option is not allowed (i.e. not proposed in this contribution).


DL Control Channel Parameters are shown in Table 2 below. We believe that the distinction can be done if eNB sets the Transport Format and HARQ related information differently for the two cases and the UE interprets it accordingly.

As shown on table, DL Control Channel parameters that need to be set by for two cases are:

· Reallocation of Persistently Allocated Resources: Multi-antenna info/Transport Format /HARQ related Information can be set to specific pattern. Because, some of the information carried on the Multi-antenna info, Transport Format and HARQ related Information are not changed during re-allocation of the persistently allocated resources. The pattern can be the last two bits of the Multi-antenna info (11), and or the last two bits of the Modulation scheme (11) in the Transport Format and or the last three bits of the HARQ process number (111).
· New Resource allocation of Data/Signalling: All the parameters would be set as usual for dynamically scheduled packet data.
       Table 2. DL Control Channel Parameters.
	Control signaling information
	Number of bits
	Comments

	UE ID
	16
	16-24 bit CRC

	Resource assignment
	Maximum 18, 28, 37 bits for 5, 10, 20MHz
	 Location of the resource blocks assigned to each UE in a TTI for DL transmission. 

	Multi-antenna info 
	[2]
	Antenna information

	Transport Format Info.
(Transport Block Size +MCS)
	[8]
	2 bits for modulation scheme, 6 bits for payload size.

	HARQ-related information
	[5]
	3 bits for process number, 2bits for redundancy version and new data indicator.


4 ACK/NACK Feedback 

The proposed DL multiplexing deals only a mixture of persistently scheduled and dynamic scheduled services. In this case, two HARQ processes are possible at maximum, resulting 2 ACK/NACKs (2 bits) to be sent on the UL feedback using QPSK modulation. So, with this proposal, no modification is required for the UL control signalling.

5 Conclusion
In this contribution, we have discussed and revisited the DL multiplexing for the case of simultaneous transmission of persistently scheduled and dynamic scheduled services. We highlighted the benefits of having such multiplexing for LTE downlink transmissions. In addition, no modification is required to the current DL/UL L1L2 control structure to accommodate the proposed multiplexing. It is only required to distinguish between reallocation of Persistently Allocated Resources and the allocation of New Dynamic resources by putting a unique pattern in some of the DL Control Channel Parameters for the reallocation of the Persistently Resources. So, we recommend RAN1/RAN2 to revisit the current working assumption and allow simultaneous reception of persistently scheduled and dynamically scheduled services for one user in a TTI for DL transmissions.   
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