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1. Introduction

In this contribution (a revision of R1-082041) we discuss the interactions between DL DRX at the UE and the scheduling of UL resources, and the impact this has on the design of the uplink resource allocation message for the PDCCH. 

2. Interactions between DL DRX and UL resource allocation

For TDD operation, an UL subframe index is included in the resource grant messages as there is no one-to-one relationship between DL and UL subframes.
For FDD it is currently under discussion whether such an index is needed. However, in the case of a DRX pattern being configured for a UE, a very similar situation arises as with TDD: the UE would only be able to monitor the PDCCH in certain periodic DL TTIs, and therefore without an UL subframe index in the grant, only certain ones of the UL subframes would be able to be allocated for this UE. For example, with a DRX cycle ¼, only one in four UL subframes would be able to be scheduled for the UE. 

This significantly reduces the eNodeB’s scheduling flexibility between UEs, as different UEs cannot use the same uplink resources. Moreover, it implies that the eNB would have to coordinate the DL DRX patterns between different UEs in order to ensure that the UL resources could be used efficiently. 

Changes in UL traffic patterns could result in the eNodeB having to reconfigure the DL DRX patterns, which would itself reduce the UE battery saving opportunities from DRX. Alternatively, the need to preserve flexibility in UL resource allocation could result in the network assigning shorter DRX periods than could otherwise be used, thus adversely impacting UE battery consumption. 

3. Design of UL Resource Allocation Message

In order to overcome the above problem, it should be possible to indicate a timing offset in the uplink resource allocation message (PDCCH format 0), as illustrated in Figure 1.  
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Figure 1: UL resource allocation with DRX

The number of bits required for the timing offset indication depends on the range of DRX cycles that can be configured and the degree of flexibility that is required for UL resource allocation. 

If full UL resource allocation flexibility is to be retained regardless of the DRX cycle length, then the number of bits required for the timing offset indication is given by 
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 where R is the DRX ratio (“on” subframes / total subframes): for example, with a DRX ratio of 0.125, 3 bits would be needed to indicate one of eight possible timing offsets.

A reasonable initial assumption would be 2 bits, enabling resources in any of four different UL TTIs to be allocated from one DL TTI. A single bit would offer less flexibility, but may be enough in practice.

This bit (or bits) would not be needed if no DRX pattern was configured for the UE. The UE could therefore determine the presence or lack of these 2 timing offset bits by whether or not a DRX pattern was configured, thus avoiding the need for additional blind detections of PDCCH messages. 

The 2 bits could either be appended to the PDCCH format 0 (making a longer message) or stolen from another field in PDCCH format 0 (to keep the total message size constant). The latter may be preferable for the PDCCH message design; in this case, one possibility could be not to allow allocation of the largest UL resource allocations when DL DRX is active, as this would probably be an unlikely scenario. 

Particularly for long DRX cycle it would be worthwhile configuring (per UE) the values of the selectable timing offsets by RRC signalling.

4. Conclusion

If the PDCCH in one DL TTI can only allocate UL resources in one UL TTI (fixed timing relationship), then the use of DL DRX for UE battery saving purposes can limit UL scheduling flexibility. 

We therefore propose to incorporate 2 (or possibly 1) timing offset bits in the PDCCH format 0 for UL resource allocation when a DRX cycle is configured. 

In order to avoid increasing the size of format 0, we propose that these bits (or bit) would be stolen from the RB assignment field if a DRX cycle was configured, instead of allowing the largest resource allocations.

It should be possible to configure the values of the timing offsets (in a UE specific way).

Text proposals for CRs for 36.212 and 36.213 are appended.

5. Reference

[1] R2-073396 “Operation of E-UTRAN UL Scheduling and DRX”, Philips, NXP Semiconductors

6. Proposal for CR for 36.212

5.3.3.1
DCI formats

The ordering of the information bits in the payload description below starts with 
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The information fields are multiplexed according to the order they are listed in each DCI format. The first bit of each information field corresponds to MSB.

5.3.3.1.1
Format 0

DCI format 0 is used for the scheduling of PUSCH. 

The following information is transmitted by means of the DCI format 0:

- Flag for format0/format1A differentiation – 1 bit

- Hopping flag – 1 bit
- UL timing offset indicator –
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 is 1 if a DRX cycle is configured and 
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- Resource block assignment and hopping resource allocation –
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- For PUSCH hopping:



- NUL_hop bits are used to obtain the value of 
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 bits provide the resource allocation of the first slot in the UL subframe

- For non-hopping PUSCH:
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bits provide the resource allocation of the first slot in the UL subframe

- Modulation and coding scheme and redundancy version – 5 bits

- New data indicator – 1 bit

- TPC command for scheduled PUSCH – 2 bits

- Cyclic shift for DM RS – 3 bits

- UL index (2 bits, this field just applies to TDD operation)

- CQI request – 1 bit

If the number of information bits in format 0 is less than for format 1A, zeros shall be appended to format 0 until the payload size equals that of format 1A.

7. Proposal for CR for 36.213

8.4
UE PUSCH Hopping procedure

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding PDCCH with DCI format 0 is set otherwise no PUSCH frequency hopping is performed.  

A UE performing PUSCH frequency hopping shall determine its PUSCH resource allocation for the first slot of a subframe (S1) including the lowest index PRB (
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) in subframe n from the resource allocation field in a corresponding PDCCH with DCI format 0 received on subframe n-4.  For a non-adaptive retransmission of a packet on a dynamically assigned PUSCH resource a UE shall determine its hopping type based on the last received PDCCH with DCI Format 0 associated with the packet.  For a PUSCH transmission on a persistently allocated resource on subframe n in the absence of a corresponding PDCCH with a DCI Format 0 in subframe n-4, the UE shall determine its hopping type based on the hopping information in the initial grant that assigned the persistent resource allocation.  The initial grant is either a PDCCH with DCI Format 0 or is higher layer signaled.

The resource allocation field in DCI format 0 excludes either 1 or 2 bits used for hopping and/or timing offset information as indicated by Table 8.4-1 below where the number of PUSCH resource blocks is defined as
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 in other cases.  The size of the resource allocation field in DCI format 0 after excluding either 1 or 2 bits shall be 
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, where k = 1 or 2 bits and the number of contiguous RBs that can be assigned to a user is limited to min(
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 is given by higher layers.

A UE performing PUSCH frequency hopping shall use one of two possible PUSCH frequency hopping types based on the hopping information.  PUSCH hopping type 1 is described in section 8.4.1 and type 2 is described in section 8.4.2.

Table 8.4-1: Max PUSCH BW, and Number of Hopping Bits vs. System Bandwidth
	System BW 
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	Max BW assigned to a User
	#Hopping and/or timing offset bits 
(k)

	6-49
	min(
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	50-110
	min(
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For either hopping type a single bit signaled by higher layers indicates whether PUSCH frequency hopping is inter-subframe only or both intra and inter-subframe.  
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