Page 1

3GPP TSG RAN WG1 Meeting #88

R1-1702158
Athens, Greece 13th - 17th February 2017
Source:
Intel Corporation

Title:
Power consumption and latency reduction in eNB-IoT
Agenda item:
7.2.4.3
Document for:
Discussion/Decision

1 Introduction

At the RAN1 #86bis meeting, the following agreements were made regarding the support of larger TBS values [1]: 
· Maximum DL TBS is 1352 bits

· Maximum UL TBS is 1800 bits

· The same values of N_SF and N_RU and I_TBS are used as in Rel-13

Further, the details of the TBS/N_SF and TBS/N_RU tables were agreed via email discussion [2] considering the maximum DL and UL TBS of 1352 bits and 1800 bits.
Additionally, during the RAN1 #87 meeting, the following set of agreements [3] were being made:

· There is a new NB-IoT UE category with max UL and max DL TBS of 2536 bits

· Introduce the {1 HARQ + 2536 bits UL/DL TBS} TBS tables in R1-1613508 
· Introduce the {2 HARQ + [1352] bits DL TBS, [1800] bits UL TBS and no change to any Rel-13 specification for NPUSCH} 

· After receiving one DL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms (i.e., x1 ≥ 2 ms) before the start of the first NPDSCH. 

· The gap between NPUSCH to any DL reception is ≥ 1ms. 

· Reuse Rel-13 timing relationship and scheduling delay values for each of the 2 HARQ processes

· HARQ process ID is indicated DL grant DCI with one bit

· Monitored only in USS

· FFS TBS table details.

· Soft buffer size is FFS until next RAN1#88

· The support of 2 HARQ by UE is an optional capability, signalling is left to RAN2

As can be seen from the above set of agreements, it was agreed to support a new NB-IoT UE category supporting a maximum DL and UL TBS of 2536 bits with a single HARQ process in order to enable higher peak data rates and reduced latency performance in good coverage.

In addition, it was also agreed to introduce, as an optional UE capability, the (originally alternative) mechanism of 2-HARQ processes for NB-IoT DL and UL with minimal changes compared to the Rel-13 NB-IoT specifications, at least with respect to timing relationships. 

In this contribution, we share our views on the remaining details regarding the support of up to two DL/UL HARQ processes in Rel-14 eNB-IoT.

2 Two HARQ processes for DL and UL for higher data rates
Here, we discuss the remaining details for the support of up to 2-HARQ processes for DL and UL in Rel-14 as an optional UE capability, including the details of configuration in the 2-HARQ mode, UE behavior for monitoring for UL grants, maximum DL and UL TBS, and soft buffer size for UEs with the 2- DL HARQ capability. 
2.1 Configuration of 2-HARQ processes 

We propose that the UE, upon indication of capability of supporting 2-HARQ processes in DL and UL when in RRC connected mode, may be configured with the 2-HARQ mode of operation via dedicated RRC signaling, preferably separately for DL and UL. The separate configuration is necessary in consideration of potentially different channels, UE traffic, and network loading conditions in the DL and UL.

Proposal 1:

· A UE indicating capability of supporting 2-HARQ processes for DL and UL may be configured with the 2-HARQ mode of operation, separately for DL and UL, via dedicated RRC signaling.
2.2 Monitoring for UL grants 

Following the RAN1 agreements to reuse the timing relationships for each of the HARQ processes, it is clear that the UE is expected to monitor for separate instances of UL grants carried by the NPDCCH to schedule each of the two UL HARQ processes. This behaviour is similar to the existing agreement for monitoring of NPDCCH candidates for DL assignments for support of 2-DL HARQ processes. 

In Rel-13, the minimum scheduling delay for NPUSCH, which corresponds to the gap between the end of the scheduling NPDCCH and the start of the scheduled NPUSCH, is 8ms. This accounts for ample time for the UE to perform NPDCCH decoding and preparation of the UL transmission including retuning and application of timing advance (TA). Further, the UE is not expected to monitor for NPDCCH upon reception of a valid UL grant and until switching back to DL after transmission of the scheduled NPUSCH.
Similar to the agreed behaviour in DL, upon detection of an UL grant, the UE, when configured in the 2-HARQ processes mode of operation, should continue to monitor for NPDCCH candidates in the same or subsequent instances of the NPDCCH UE-specific search space such that the candidates end at least 6ms before the start of the first NPUSCH transmission. Assuming up to 4ms of time for preparing the UL transmission, this would still provide the UE with at least 2ms of time for NPDCCH decoding, which matches the consideration for NDPCCH monitoring related to the support of 2-DL HARQ processes during RAN1 #87.
Proposal 2:
· After detecting an UL grant, a UE configured with 2 UL HARQ processes should continue to monitor the NPDCCH USS for NPDCCH candidates that end at least 6ms before the start of the scheduled first NPUSCH.

2.3 Maximum DL and UL TBS for 2-HARQ processes 

One of the open aspects from RAN1 #87 meeting is the maximum TBS for DL and UL when configured with the 2-HARQ processes. 
Two options can be considered for the max DL and UL TBS values when configured with 2-HARQ processes:

· Option 1: Max DL and UL TBS are 1352 bits and 1800 bits respectively
· Option 2: Max DL and UL TBS are based on UE category, i.e., either (A) 2536 bits for both DL and UL, or (B) 1352 bits (DL) and 1800 bits (UL)

Towards this we first summarize the achievable peak data rates for each case in Table 1 below.
Table 1. Summary of achievable peak data rate for different TBS values
	Scheme
	DL peak rate (kbps)
	UL peak data (kbps)

	1. Max TBS = 2536 bits (DL/UL); 1-HARQ
	79.25
	105.67

	2. Max TBS = 1352 bits (DL) and = 1800 bits (UL); 2-HARQ
	84.50
	122.00

	3. Max TBS = 2536 bits (DL/UL); 2-HARQ
	114.50
	158.50


In the above, the following resource allocation/scheduling choices are assumed:
· Scheme 1: 
· DL: 2536 bits TBS using N_SF = 8 ( 2536 bits/32ms = 79.25 kbps
· UL: 2536 bits TBS using N_RU = 8 ( 2536 bits/24ms = 105.67 kbps
· Scheme 2:

· DL: 1352 bits using N_SF = 6 for each HARQ process ( 1352 *2 bits/32ms = 84.5 kbps
· UL: (Process #1) 1800 bits using N_RU = 7, and (Process #2) 1128 bits using N_RU = 5 respectively ( (1800 + 1128) bits/24ms = 122 kbps
· NPDCCH assumed to be transmitted with AL = 1

· Scheme 3: 

· DL: (Process #1) 2536 bits using N_SF = 8, and (Process #2) 1128 bits using N_SF = 4 respectively ( (2536 + 1128)bits/32ms = 114.50 kbps

· NPDCCH assumed to be transmitted with AL = 1 
· UL: 2536 bits using N_RU = 8 for each HARQ process ( 2536 *2 bits/32ms = 158.50 kbps
· NPDCCH assumed to be transmitted with AL = 1

For the above calculations, it is assumed that for UEs supporting max DL and UL TBS of 2536 bits, the TBS tables agreed in [4] are used, and for UEs supporting max DL and UL TBS  of 1352 bits and 1800 bits respectively, the TBS tables agreed in [5] are used.

From the above comparison of the achievable peak rates, it is clear that limiting the max TBS to 1352 bits and 1800 bits for DL and UL for the 2-HARQ process even for UEs that can support larger TBS values (2536 bits) would be quite limiting in terms of overall NB-IoT performance, given the specification support being in place. 

This is especially true for UL, where the impact is negligible for 1- vs. 2-HARQ processes with max TBS of 2536 bits. 

For DL, the impact may be non-negligible due to requirements of soft-buffer size and Viterbi decoder speed. If this is a significant concern in terms of UE complexity, the soft buffer requirements could be relaxed by:

· Alt. 1: Based on 2536 bits max DL TBS and a single HARQ process, with the exact buffer management left up to the UE
· Alt. 2: Assuming using of Limited Buffer Rate Matching (LBRM) when configured with 2-HARQ processes
Note that, the use cases envisioned for these enhancements correspond to UEs in good coverage, and hence, HARQ retransmissions may be limited. Thus, relying simply on UE implementation for buffer management as long as it can satisfy the demodulation performance requirements (Alt. 1) may be sufficient in terms of overall performance.

To summarize, we propose the following.
Proposal 3:
· The max DL and UL TBS for 2-HARQ processes are based on NB-IoT UE category.

· The max DL/UL TBS is 2536 bits for NB-IoT UE category supporting max DL/UL TBS of 2536 bits.

· The max DL/UL TBS are 1352 bits (DL) and 1800 bits (UL) respectively for other Rel-14 NB-IoT UEs.
Proposal 4:
· For UEs capable of 2-HARQ processes, the soft buffer requirements are determined as follows:
· Corresponding to 1352 bits max DL TBS and 2-HARQ processes for NB-IoT UEs with max DL TBS = 1352 bits;
· Corresponding to 2536 bits max DL TBS and a single HARQ process for NB-IoT UEs with max DL TBS = 2536 bits.
3 Conclusion

In this contribution, we presented our views on the remaining details of enhancements to data rates and latency performance for NB-IoT UEs in good coverage. Based on the discussion presented, we summarize our views as follows:

Proposal 1:

· A UE indicating capability of supporting 2-HARQ processes for DL and UL may be configured with the 2-HARQ mode of operation, separately for DL and UL, via dedicated RRC signaling.

Proposal 2:

· After detecting an UL grant, a UE configured with 2 UL HARQ processes should continue to monitor the NPDCCH USS for NPDCCH candidates that end at least 6ms before the start of the scheduled first NPUSCH.

Proposal 3:

· The max DL and UL TBS for 2-HARQ processes are based on NB-IoT UE category.

· The max DL/UL TBS is 2536 bits for NB-IoT UE category supporting max DL/UL TBS of 2536 bits.

· The max DL/UL TBS are 1352 bits (DL) and 1800 bits (UL) respectively for other Rel-14 NB-IoT UEs.

Proposal 4:

· For UEs capable of 2-HARQ processes, the soft buffer requirements are determined as follows:
· Corresponding to 1352 bits max DL TBS and 2-HARQ processes for NB-IoT UEs with max DL TBS = 1352 bits;
· Corresponding to 2536 bits max DL TBS and a single HARQ process for NB-IoT UEs with max DL TBS = 2536 bits.
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